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PREFACE. 



•>^^^>y\y\^ 



The subjects discussed in Physical Greography include several of the 
most interesting and important of those which relate to the works of 
nature. Thus the currents of the ocean, the motions of the atmosphere, 
the structure and constituents of the crust of the earth, the distribution 
of animals and plants, and the peculiarities and institutions of the human 
race, all excite a lively interest in every well-constituted mind ; and a 
correct knowledge of them is of much practical value to those engaged 
in the active pursuits of life, while, in every case, it elevates the mind, 
and powerfully aids in freeing it from the tkraldom of anperstition. By 
studying the works of the G/e.it RiJieV; and vie^ir;g them as He views 
them, we participate in His puro end e^alt^d joyer^^so far as our humble 
capacities are capable of doing co. lt<isiK>t, tl^refore, surprising that 
the study of nature keeps pace with the increase- of civilization, and that 
the more enlightened portion oi^ the' eOmm unity- now derive greater 
pleasure from tracing the workmgs of the beneficent Creator, than from 
contemplating the fancies of diseased imaginations. 

The present work is designed to serve as an introduction to subjects 
which will repay many years' close and careful study. Id^ so vast a 
field, it were vain to attempt anything more than an outline of the vari- 
ous subjects. We have aimed at giving such particulars as would be 
interesting or important to young persons and general readers; and this 
principle has guided us in the selection of our materials. We have 
omitted several things which properly belong to Physical Geography, 
because they are generally given in our school geographies ; and we 
have refrained from entering on many details not foreign to our subjecte, 
because they would be uninteresting both to those for whom we now 
particularly write, and to persons of greater attainments. Thus we 
might easily have swelled this volume to more than twice its present 
size, by entering at greater length into the animal and vegetable produc- 
tions of the various regions of the globe, and giving a detailed account 
of the geological structure of such as are known. But these details 
would be very uninteresting to the general reader ; and they would be 
far too meagre and unsatisfiictory for the man of sc\etv<ie. ^Wa»X.«^aK»^ 
for instance, would be necessary to give an aceoxmi oi >i)tv^ -^MiXa «>1 



tnery part of the world, bo fall that it would nerve as a book of refen 
enca for the professed botanist? We connider it much better to reta 
Buch persons to copious treatises on the vimous subjecte on which we 
touch, expressly adapted for them, and to confiDe ourselvea to suuh 
points as attract the attention of persons wlio do not make the subject 
a particoiar object of study. At the same time we sre well aware that 
much interesting and important informution on most of the subjects 
nnder discaeaion, has hitherto been found only in treatisea which are 
generally inaccessible to those for whom thia work is designed. Such 
information we have endeavored to eupply, although, perlups, it nay 
be IcM directJy connected with the mere name of Physical Geography 
than much which we''have omitted. We considered it unwise to sacri- 
fice the advantage and enjoyment of our readers to a mere name. The 
natnre of the subject should rather control the name, than the name the 
Bubject. Every scientific or technical term la defined where it Stat oc- 
outb; and the Index will direct the reader to thia place : so that a glos- 
Bary is unnecessary. 

The following ^g^es',t»eie Eiriitin)if]\l I^tten some years ago: but 
they have beerf JntdfiSly riviseij; With jiiteiv to bring every part up to 
the state of knowledge.a{ thf pr|seiit,day. We have consulted the beat 
aulhoritiea on the vaiiqiA Bilbj£{fi, ^la freely availed ourselves of their 
labors: for we would,iu)t «Ba,^qie.p[i'aLr of originahty, where wo felt 
ourselves incompet^trtp jropt^y^'-BJMin the productions of others. At 
the same time, we Have Iised'sofb^'carelii the selection of our materials, 
and have not hesitated to express our own views, where particular cir- 
cumstBDces warranted us in doing so; and although we had no treatise 
t« serve for a model, we hope the reader will And that the following 
work forms one harmonious whole. 

Id studying the great works of nature, and taking an extensive aor- 
Tey of the human race, we have endeavored to write in a style worthy 
of the Bubjeot, and to avoid the narrow and sectional views from which 
writers of higher pretensions are not always free. The greitaimof all 
didactic inquiries should be — truth — whether pleasant or hitler to our 
personal feelings. We can only say that we have attempted to make 
that the great polar star of our uiveatigations. How far we have suc- 
ceeded, it is not for us to say. In a work which treats of so many sub. 
jects, and abounds so much in details, we cannot flutter ourselves that 
we have not occasionally been led into errors : but we hope these will 
be found neither numerous nor important; and we trust that the great 
difficulty of attaining perfect accuracy, in more than ten auccessive sur- 
veya of the whole world, will be an ample apology foe such as may 
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DIVISION FIRST. 

HYDROLOGY, OR DESCRIPTION OF THE WATERS. 



PART I. 

GENERAL DESCRIPTION OF THE OCEANS AND SEAS. 



§ L — ^Preliminabt Remarks. 



Thb Ocean, in a general sense, consists of those immense tracts of 
water which surround the habitable globe, extending from pole to 
pole, and connected with innumerable arms, or branches, termed 
Seas, Bays, Gul&, Straits, Sounds, and Channels. They all fertilize 
and beautify the various portions of the earth, and form one great 
and magnificent mass, which signally bespeaks the glorious wisdom 
and incomprehensiUe power of God. Being navigable in eveiy 
part, they constitute a great highway of conmierce, covered with 
the ships of the civilized world, and affording a medium of inter- 
course between the most distant portions of the earth. They are 
the ultimate origin of all the other waters that are found on the 
&ce of the globe. 

According to some naturalists, the ocean forms the residuum of 
the chaotic fluid in which all solid bodies were held originally in a 
state of solution, and from which they have been precipitated or 
crystallized, and brought to their predent state. It is from the 
vapors exhaled by the ocean that the atmosphere is furnished with 
sufficient moisture to support and refresh organic nature, which 
languishes when deprived of dews and rains. Then plants &de and 
droop ; animals feel their strength fail ; and, even man himself 
breathes but dust, and can with difficulty procure shelter from the 
sultry heat by which his frame is parched and overpowered. 

Geographers estimate the ocean and its branches to occupy three 
fourths of the entire sur&ce of the globe ; but the exanc^i ^toysi^^iso^ 
hetweea bad and water baa mveir ho&a aaoertauved. 



The ocean may be divided into five great basins, viz.: Tht 
Pacific, or Oriental, the Atlantic, or Western, the Indian Ocean, th( 
Arctic, or Northern, and the Antarctic or Southern Ocean, 

The total surface of these oceans is as follows : — 

Sqoare Miles. 

Pacific Ocean, 50,000,000 

Atlantic " 25,000,000 

Indian ** 17,000,000 

Arctic " 1,000,000 

Antarctic " 30,000,000 



Total Surface, .... 123,000,000 



§n. — ^The Pacific Ocean. 

This ocean, so named from its comparative tranquillity, and often 
called the Oriental Ocean, separates Asia from America. It is the 
largest of the five great basins, and somewhat exceeds in point of 
extent the entire surface of the dry land. Its greatest length ia 
from east to west, eleven thousand miles. Its breadth, eight thoa- 
sand miles. 

It is bounded on the east by the shores of Western and North- 
western America ; west, by the eastern shores of Asia. On the 
western side, and between the tropics, its surface is studded with 
innumerable groups of islands, all remarkably small, and consisting 
in a great measure of coral reelfe, rising up like a wall, and elevated 
but a httle above the level of the sea. These islands are the work 
of innumerable minute insects, whose incessant labors are thus 
gradually forming new lands in the bosom of the ocean. The 
Pacific and its dependencies may be said to contain that portion of 
the globe termed Oceanica, or "The Maritime World," which is 
divided into Australasia, Malaysia, and Polynesia. Each of these 
divisions consists exclusively of groups of islands. On the western 
side, the Pacific communicates with the inland seas of Japan, and 
Ochotsk, the Yellow Sea, and the Chinese Sea. On the eastern 
side, it has the inlets of California and Queen Charlotte's Sound. 

Australasia comprehends New Holland, now commonly called 
Australia, (by far the largest island in the world,) Papua or New 
Guinea, Tasmania or Van Diemen's Land, New Zealand, New Cale- 
donia, New Hebrides, Solomon Isles, New Britain, and New Ireland, 
with the smaller islands adjacent. Malaysia includes Borneo, Suma- 
tra, Java, and the rest of the Sunda Chain, Celebes, tlie Moluccas or 
Spice Islands, and the Philippines. Pol3mesia ccmiprehends the 
famerom grorxps cS islands that lie scattered through the Padfu^ 



THE ATLANTZO OC^AK. $ 

tarn lat 35*^ H. to 50'' S^ and from long. 100^ W. to 180^ R 
Hie principal groups are the Sandwich Ishinds, the Marquesas or 
AVashington Islands, the Society Islands, the Friendly or Tonga 
Islands, the Navigators' Islands, the FeejiH} Islands, Mulgrave's Archi- 
pelago, the Caroline Isles, the Lndrones, and the Loochoo L«les. 

Besides the preceding, the Pacific contains many other islands, of 
which the most important are Hainan and Formosa, on the coast of 
China, the Japan Isles, the Kuriles, the Aleutian or Fox Islands, 
(stretching from the New World to the Old,) Vancouver's Island, 
me Galapagos, Juan Fernandez, and Chiloe. 

On the American side, the Pacific receives no rivers of any confte- 
quence, except the Columbia and the Colorado. On the Asiatic side, 
it receives the waters of the Amoor, Iloang Uo, Kianku, and Mecon. 



§ HL — ^The Atlantic Ocean. 

This ocean is usually divided into North Atlantic and South 
Atlantic or Ethiopic Ocean. It is bounded on the east by Europe 
and Africa, and on the west by America. That part between Europe 
and North America, is frequently called the Western Ocean. The 
Atlantic basin extends from 70"* N. lat. to 35° and 50° S. lat.; 
but it is only half the size of the Pacific Ocean. Its length is 
about 8,400 miles ; its breadth, which is very unequal, varies from 
1,800 to 5,400 miles. The South Atlantic contaias few islands, and 
no inlets of any consequence. The North Atlantic abounds in large 
islands, and in deep and numerous inland seas, which penetrate &r 
on each side, both into the Old and New Worlds^ and fit it for th^ 
most extensive commerce on the globe. On the e«ist(»m shores i» 
receives the Niger, Senegal, Congo, Orange, Tagus, and Loire Rivers. 
On the west, it receives the river La Plata, the Amazon, the Orinoco, 
and the Mississippi, which are the largest rivers in the world. The 
principal seas and bays connected with the Atlantic, on the east 
side, are the Mediterranean, and its dependency the Black Sea, the 
Bay of Biscay, the British Channel, St. George's Channel, the Irish 
Sea, the North Sea, and the Baltic. On the west side, it is con- 
nected with the Caribbean Sea, the Gulf of Mexico, Chesapeake Bay, 
Long Island Sound, the Bay of Fundy, and the Gulf of St. Law- 
rence. Its islands, though not so numerous as those of the Pacific, 
are neither few nor unimportant. On the eastern side are the British 
Isles, at present the most important in the whole world, (including 
Great Britain^ IrelnwJ, the Isie of Man,. the AebuAe?. ox \\^t\^^'$>^ 
Ae Orknofs, the Ij-ilwthmd Isles, and the Isle of \V\^^\\l,'^ led^xv^^ ^"^ 
Faro^ the Loffoden Mes, the Azores, the Madeiras, titve^ Camrj 
liuuh, and the Capo Verd Islea. On the ^veatem ^id.cb Q^ ^ 
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Atlantic are the Columbian Archipelago, or West Indies, (of whid 
the most important are Cuba, Hajrti, Jamaica, Porto Rico, Trinidad 
and the Bahamas,) Newfoundland, and Terra del Fuego. Betweei 
the tropics the trade-winds blow steadily, but beyond these the windi 
are very variable ; and the North Atlantic is very subject to storms 
particularly between the meridians of 40^ and 50^ W. long. Henc€ 
navigators style this part of the Western Ocean " the roaring forties * 
But the Atlantic is free from those coral ree& which abound in th« 
Pacific and Indian Oceans. 

One of the most striking phenomena of this ocean is the Gulf 
Stream, which arises from the equinoctial currents that run together 
from the east, and pass through the Caribbean group of islands, 
towards the coast of America, into the Gulf of Mexico ; thence it 
rushes into the Atlantic, between the Peninsula of Florida and the 
Island of Cuba. Here its velocity is ^ve miles an hour. It continues 
to flow along the coast of the United States, expanding in width, and 
diminishing in rapidity, till it reaches the Banks of Newfoundland. 
It then turns towards the shores of Europe, where its course becomes 
scarcely perceptible. It may be known by the color oi its waters. 



§ IV. — The Indian Ocean. 

The Indian Ocean, or third great basin, is bounded on the north 
by Asia, on the east by New Holland and the Sunda Isles, on the 
west by Africa, and on the south by the Antarctic Ocean. Its extreme 
western limit is th^ Cape of Good Hope, in long. 21° 27' K, and its 
extreme eastern liipit the southern extremity of Van Diemen's Land, 
in long. 147° 20' E. Its length from north to south k\}/f>ut 4,000 
miles ; its mean breadth about 3,500. Its principal seas and gulfe 
are the Red Sea, the Arabian Sea, the Persian Gulf, and tjbe Bay of 
Bengal. It receivea^ the waters of the Irawaddy, Bralrfttiapootra, 
Ganges, Indus, and E^jhrates. Its islands are Ceylon, Madagascar, 
the Laccadives, the Maldives, Socotra, Andaman, Nicobar, and tlie 
Isles of France, Mauritius, and Bourbon. Numerous rocks and con] 
reefe render the navigation of the Indian Ocean very dangerous : but it 
never freezes, and it is always free from floating ice. The trade- winds 
prevail here, between the Tropic of Capricorn and the lOtli degree 
of south latitude. To the north of this region the monsoons prevail. 



§ V. — The Arctic Ocean 

The Arctic Ocean is an immense circular basin, surrounding the 
^orth Fole, and communicating with the Padfic and the Atlantio 
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hy two channels, one of which separates Arnica from Europe ; the 
other separates America from Asia. Few points of the coast of 
Europe and Asia, which occupy a full half of the circumscribing 
circle, extend much beyond the parallel of 10° ; and the other bound- 
ary, consisting of the northern coasts of America, reach no nearer 
to the Pole. Hence, the mean diameter of the basin of the Arctic 
Ocean may be taken at 2,400 miles. Its interior, or central parts, 
are httle known. Several islands are scattered over the southern 
extremities, the largest of which is Greenland, whose northern limits 
are unknown. The others, of any consideration, are Spitsbergen, 
Nova Zembla, the isles of New Siberia, Banks, Melville, Bathurst, 
Sabine, Walker, and Leopold Islands, Comwallis Island, Cockbum*s 
Island, and Cumberland Island. 

This ocean is for a great part of the year locked up in ice ; and 
during the rest, floating masses of the same substance endanger the 
life of the mariner. 

The principal bays and seas connected with it are, the White Sea, 
the Sea of Labrador, (which separates Labrador from Greenland,) 
Baffin's Bay, and Hudson's Bay. From the old continent, it receives 
the Lena, Yenisei, Oby, and Dwina Rivers ; in the new, it receives 
the Mackenzie, and the Coppermine Rivers. 



§ VL — ^Anxarctio Ocean. 

This ocean, which is still less known than the Arctic, joins the Pa- 
cific in the latitude of 50°^ and the Indian Ocean in latitude 40^ S. 
Floating ice occurs in every part of it, as well as in the Arctic or 
Northern Ocean, and Ijf^plly rises to the height of small mountains. 
This characteristic feature of the two Polar Seas, as they are termed, 
has also given the name of Frozen Ocean to both Arctic and Antarc- 
tic. This ice is most abundant in the parallel of 60°. It was long 
supposed that a large continent of land and fixed ice occupied the 
greatest part of the space within the Antarctic Circle. 

In 1819, Soutli Shetland was discovered, lyinor between the lati- 
tude of 62°, and longitude 55 and 65°. Mr. Weddell has since ex- 
amined this quarter, nearer the Pole, and he believes that it is sur- 
rounded with fixed ice. The United States Exploring Expedition 
have more recently , discovered what is probably the long-sought 
southern continent. It lies south of New Holland, beyond the par- 
allel of 60-' S., and appears to be guarded by a strong barrier of 
everlasting ice. The enterprise of modern navigators has discovered 
several islands in this ocean ; but they are all baTteiv aLX^^WTMcJ^XsA^ 
and eonsequently of littk importance. As tke AjolUicNik. Ocfc^e^ "«» 
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wholly bounded by other oceans, it c6nsequently receives no rivei 
and gives off no seas or bays. 



§ VII. — ^Detached Seas. 

The sea is usually distinguished from lakes by being composed o 
salt water, while these consist of fresh. Hence we are somewhj 
astonished to learn that there are many bodies of water throughoi] 
the earth, which, though they have no apparent connection witi 
the ocean, are composed of salt water. These we call Detach£t 
Seas, The most striking example of this kind is the Caspiai 
Sea, which is 700 miles long, and 200 broad, and covers an area oi 
160,000 square miles. It receives the Volga, the largest river ii 
Europe, and the Ural. But the most curious and interesting exampl< 
of a detached sea is the Dead Sea in Palestine, which is 44 miles long 
and 11 broad. The sahne contents of the Caspian are inconsiderable : 
but those of the Dead Sea greatly exceed the proportion general 
throughout the ocean, — being 26.24 per cent. ; while those of the 
ocean are only from 3 to 4 per cent. The Dead Sea receives the 
waters of the Jordan, so often mentioned in Holy Writ. 

To the north and east of the Caspian Sea, occurs a range of salt 
lakes, one of which, the Lake of Eltonsk, contains no le&s than 29.13 
.per cent, of salts. In this range occurs the Sea of Aral, likewise 
Vackish, and resting in the same hollow which contains the Caspian, 
but not connected with it. It is 250 miles long, and 120 broad, 
with an area of 20,000 square miles. It receives the waters of the 
Amoo or Oxus, and of the Sirr or Jaxartes. 

In point of size, these detached seas are rivalled by the grand 
lakes of North America, Their saline diaracter is a peculiarity con- 
nected with their having no outlet. The natoral condition of water 
is the fresh state in which it falls from the clouds. It acquires its 
saline properties by accident. This is indicated particularly by the 
varying degrees of saltness even in the ocean ; for it is most salt be- 
tween the Tropics, where the evaporation is greatest, and least so at 
the Poles, owing to the inftision of melted ice. We need not, there- 
fore, be surprised at finding that the detached seas and salt lakes are 
of a different 'degree of s^tness from the mean of the ocean, or that 
they differ among themselves. 

There is no trace of animal Hfe in the Dead Sea. Persons who 
have swum on its surface, assert that its waters are clear and ex- 
tremely buoyant, owing to its great specific gravity. The skin 
smarts very much from a contact with its waters, which have a 
greasy feel ; and they come out covered with a sensible incrustation 
of salt The atones told of birds not being able to fty aictoeA mtlKsai 
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dropping dead, in consequence of tho fumes arising from it, belong 
to tlie class of fabuloas and imaginary tales, produced by marvellous 
appearances. Sulphur, and bitumen or asphalt, are among the 
unusual substances contained in the waters of the Dead Sea. The 
Caspian Sea, also, presents, on its western shore, springs of naphtha. 

For a long time, it was believed that a subterranean passage 
existed between the Black Sea and the Caspian, forming a secret out- 
let for the large quantities of water brought into the former sea by 
the Volga and other rivers. As evidence in favor of this supposition, 
it was observed that the sea calves, dolphins, and other marine 
mamniialia of the Mediterranean and Black S^as, were of the same 
species with those found in the Caspian. It was thought that these 
animals had found their way into the Caspian through subterranean 
passages. Such ideas are now entirely discarded by men of science. 
It has long been known that the Caspian stands at a lower level than^ 
the ocean. Halley, an English astronomer of the l7th century, 
supposed the depression or hollow in which it rests, might have been 
produced by the stroke of a comet. But when, about the year 1792, 
some barometrical observations indicated its being fully 300 feet 
below the level of the ocean, that idea was pronounced absurd. The 
same theory, however, was afterwards adopted by close and scientific 
observers, and it became again the subject of serious inquiry, whether 
such might not actually have been the fact. After many measure- 
ments, all resulting differently, a levelling process was adopted in 
1837, which proved tLe depression of the Caspian below the level 
of the sea, to be about 83 or 84 feet. But it is not only the surface 
of the Caspian which is concerned ; for the eastern and northern 
shores being almost level for a large space, it appears from a calcula- 
tion of Baron Humboldt, that the extent of continental land depressed 
below the level of the ocean, is not less than 18,000 square leagues, 
being more than the area of France. We are not sure that the 
Baron includes in this calculation the surface and precincts of tho 
Lake of Aral, which is now beheved to be about the same level with 
the Caspian, and divided from it by a very low tract. 

Nearly about the same time, when the Russian literati were en- 
gaged in this investigation, several gentlemen of different countries, 
almost simultaneously, and independently of each other, discovered 
that there was a similar depression in the area of the Dead Sea. 
Lieut. Symonds, in 1841, made a trigonometrical survey of the 
space betweem Jaffa and that water, and ascertained it to be depressed 
below the Mediterranean, no less than 1,314 feet.* Thus the ai*ea 
occupied by the Dead Sea and the surrounding country, the scene 

* This agrees very nearly with the recent measuiemeDi \)i| ljk&>^\js^ais& 
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of some of the most remarkable events in history, appears to be 
kind of pit Even the Lake of Tiberias, seventy miles up the vall4 
of the tfordan, was discovered by Lieut. Symonds to be 328 fe< 
below the level of the ocean. 

From the above discoveries it results, that there is no possibl 
means of exit for the waters thrown into the Caspian and Dead Sea 
besides evaporation. Great as is the volume brought in by th 
rivers, the sun, in these warm latitudes, is suflficientTy powerful t 
withdraw it again, thus keeping down the surface at a certain genera 
level lower than that of the ocean. • 

It is believed that the reason of the saline taste of those isolatec 
masses of water, as well as of the ocean itself, is, as was long ag( 
suggested by Buffon, that these waters are the ultimate residuum, oi 
place of deposit, for the particles of salt washed by the rivers in then 
courses, out of the land. The Caspian is to be regarded as a co-or- 
dinate of the great ocean itself, although on a small scale. A lake 
or pond into which a rivulet flowed would be another example, and 
even in so small a sheet of water a certain portion of salts would in 
time accumulate, by means of the rivulet coursing through a certain 
space of land. Sir Roderick Murchison, in his work on the Geology 
of Eussia, thus describes the character of the great basin occupied 
by the Aral and Caspian : — " Excepting a tract of the Ust Urst, in- 
terposed between these seas, which is a plateau of miocene limestone, 
ranging under 1,731 feet above the level of the Caspian, this large 
region may be generally described as a desiccated sea bottom, en- 
tirely composed of sand, with occasional heaps of gravel, very fine, 
rarely argUlaceous and loamy, and almost everywhere strewed over 
with shells, or the debris of species, some of which are now living in 
the adjacent Caspian Sea. This superficial formation rests on the 
flanks of the miocene limestone of Ust Urst, showing that it was de- 
posited in a sea which insulated that district, which sea appears to 
have been one precisely resembling the present Caspian ; for the fos- 
sil shells are wholly of the kinds which live in brackish seas, ( Car- 
dium, Mytilus^ and Adacne,) resembhng these also in their being of 
a very limited number of species, while numerous as individuals ; 
in which respect brackish seas differ from ordinary seas, where the 
species are usually of great variety." Murchison, tiierefore, believes 
that the great Steppes or Plains of Astrakan, and all the rest of that 
low tract, forming what may be called the Aralo-Caspian Basin, was, 
in comparatively modern times, but before the age of history, covered 
by a brackish sea, forming a sort of inner Mediterranean, fully equal 
to that sea in extent. This tract is, doubtless, only saved from being 
80 now by the strength of the evaporative power. Were that power 
diminished to any serious extent, the large rivers now flowing into 
the Aral and Caspian Seas (the Oxus, the Jaxartes^ the Volg^ 4<L\ 
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would undoubtedly produce a sheet of water, by which this extensiye 
portion of western Asia would be overflowed, so that the power of 
the sun's rays is the immediate instrument in the hands of a merciful 
Providence, to preserve the inhabitants of Astrakan from permanent 
inundation. So, in like manner, would this tract of country become 
the seat of the extension and prolongation of the Mediterranean Sea, 
if the ground intervening between it and the Black Sea, or the Sea 
of Azov, were to be broken down by any cause whatever, or even 
lowered. 

It becomes an interesting subject of speculation, by what means, 
and in what circumstances, have the Caspian and Aral been drained 
or emptied down to their present diminished forms and extent. We 
may presume from present appearances, that the Aralo-Caspian Basin 
had once a greater height by at least the amount of 160 to 200 feet. 
The question then arises, by what height of country is this basin 
divided from that of the Black Sea, the only one with wliich a con- 
nection has been presumed to have existed? Pallas describes a 
certain clifl^ Uke the border of an ancient lake, extending between the 
extremity of the Uralian Mountains, and a point near the upper 
extremity f of the Sea of Azov. This is said to average about 300 
feet above the Aralo-Caspian Basin. The brackish character of the 
ancient Caspian, decided by the nature of its shells, shows it to have 
been separated from the Black Sea, by an elevation sufficient to cut 
off all commimication of their respective waters. It is generally 
believed by the people Uving in the neighborhood of the Caspian, 
that its waters are slowly, but constantly diminishing. We know not 
whether this be the feet, but we do know that a small overbalance of 
the evaporative power over tlie filling power, such as we may believe 
now existe, would be sufficient in the course of time to reduce the 
great sea of a former age to the present pair of detached lakes. 

Murchison thus speculates on tiie subject : — " Whilst we especially 
invite attention to the grandeur and pecuHarity of this former mtemal 
sea, we think that its diminution to the size of the present Caspian and 
Aral Seas, is mainly due to oscillations of its former base. The 
eruptive rocks which range along the Crimea, the Caucasus, and the 
Balkan of Khauresm or Khawezra, are fortunately at hand to explain 
that as igneous matter, in many forms, has sought an issue at many 
points in those contiguous mountains, partially raising up sedimentary 
deposits, and changing their mineral aspects and conditions, so, 
probably, have internal widely-acting expansive forces, derived from 
the same deep-seated source, heaved up in broad horizontal masses 
to the different levels at which we now find them, the bed of the 
great Caspian Sea, and such portions of land about it, as are admitted 
by all observers to lie beneath the surface of the oci^Qii!^ 

This spccuhiJon is not yet altogether aaida&fiiU>T^, «Jl^wx.^ 

I* 
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interesting ; and there is an opposite theory, founded on a very im 
portant fact, which seems to call for an equal degree of attention 
namely : that there are many lakes deeper than the neighboring seas 
and that in their cases we should also find a sub-aerial depression, il 
the evaporative power were only in excess over that by which th< 
lake is fed. The bottom of Loch Ness, for instance, is 700 or 80C 
feet below the surface of the North Sea. Were that lake in a suflS- 
ciently tonid climate, we should, according to this theory, see il 
transformed into a comparatively small salt lake, below the sea level 
and occupying the bottom of a vale, precisely like that of the Jordan 
and Dead Sea. Lake Superior, in North America, the surfece of 
which is 627 feet above the sea, has a bed 336 feet below that leveL 
Here an increased evaix)rative power would have exactly the same 
effect. Such depressions of the surface, apart from the bed of the 
ocean, are common ; the motions of the surface alluded to, although 
among the most unquestionable of the facts educed by Geology firom 
the history of the past, were at their maximum of intensity at an 
earher period than those of the superficial formations. 

These speculations are not exclusive of the possible connection of 
the Black Sea with the Aralo-Caspian, in an earlier age. It has been 
ascertained, beyond dispute, that in some parts of the earth, the 
relative level of the sea and land has undergone a change to the 
extent of many hundreds of feet. Suppose this to have been' also 
the case on the confines of Europe and Asia : then the Aralo-Caspian 
would be an inner Mediterranean, as Murchison calls it, until the 
waters fell below the point where they joined ; after which*, it would 
be isolated, and its drainage would commence by means of evapora- 
tion. The fish of the present Caspian are said to be a different 
species from those of all other parts of the earth, thought they are 
generally called by the same names, such as salmon, sturgeon, 
herring, <fec., but the same marine mammalia exist here, as in the 
Black Sea. If we could suppose the differences in the fish to be 
only such as differences of conditions can in the course of time effect, 
there would be nothing to prevent our regarding the Geology of the 
Caspian as an interesting memorial of the former cbnnection of this 
sea with the ocean. 



§Vni. — Inland Seas. 

By an inland sea, we understand one that communicates with the 
ocean by a strait, or narrow channel. The largest and most im- 
portant of these is the Mediterranean, which has been the scene of 
by far the greatest number of the nautical adventures of antiquity. 
It is the " Great /Sea" often mentioned in. t\ift gained ^wnL\aiM^, It 
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eommtmicates with the Atkntic by the StraSts of Gibraltar. Its 
greatest length from east to west is about 2,350 Iniles, and its 
l»'eadth is not short of 650 miles at the widest part. It is bounded 
on the north by Europe, on the south by Africa, on the east by Asia, 
and on the west by the Atlantic. It contains many islan<k ; the 
principal of which are Corsica and Sardinia, not &r from the coast 
of Italy ; Sicily, separated from it by the Straits of Messina ; Iviza, 
Majorca, and Minorca, on the eastern coast of Spain; the Lipari 
Ides, and Elba, both on the Italian coast ; Malta, south of Sicily ; 
Corfri, Cephalonia, and Zante, on the coast of Greece, (and which, 
together with Paxos, Anti-Paxos, Leucadia, Vathi, and Strofadia, 
are called the Ionian Islands,) Gerigo, an island lying at the extreme 
south of the Morea in Greece ; Candia, or Chrete, lying at the 
entrance oi the Grecian Archipelago ; the Cyclades, east of the 
Morea, Tasso, Lemnos, Metelin, Sdo, Samos, and Rhodes, — all in 
the Archipelago, — and Cyprus, on the coast of Syria. 

Several parts of the Mediterranean bear other names : the part 
on the coast of Tuscany is called the Tuscan Sea, — ^that between 
Southern Italy and Greece, the Ionian Sea, — that east of Italy, the 
Adriatic, or Gulf of Venice, — that north of Candia, the Grecian 
Sea, or Archipelago, — and the part east of Candia, the Levant 

The principal rivers that discharge into the Mediterranean are the 
Nile, the Maritza, the Po, the Rhone, and the Ebro. 

The Black Sea, and its dependencies, the Sea of Azov, and the 
Sea of Marmora, contain only brackish water, and discharge a oonr 
tinuous current into the Mediterranean, through the Dardanelles. 
Hence they might not improperly be classed with lakes. The Sea 
of Azov receives the waters of the Don, and the Black Sea, those 
of the Dnieper, Bug, Dniester, Prut, and Danube, Hence it is 
easy to see the cause of the current which flows constantly into the 
Mediterranean: the sur&ce is not sufficient to evaporate all the 
water which flows into it* 

The Baltic resembles the Black Sea in having only brackish 
waters, and pouring a continuous current into its principal sea, the 
cause being probably the same in both cases. It receives the 
waters of the Neva, Duna, Niemen, Vistula, and Oder. It is fre- 
quently frozen over in winter; and has, in this condition, been 
repeatedly crossed. by whole armies. It communicates with the 
North Sea by the Cattegat 

The North Sea, or German Ocean, is bounded by Great Britain 
and the Orkney Islands on the west, and the contment of Europe 
on the east ; and reaches from the Straits of Dover to the Shet- 
land Islands, where it joins the North Atlantic. It receives the 
waters df the Elbe, the Weser, the Khme^ tii^ TbaxcL<»^ «sl^ "^ 
«9« 
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PART IL 

PARTICULAR DESCRIPTION OP THE WATERS, AND THEIR 

PROPERTIES. 



§ I. — Qualities of Sea Water in general. 

Sea water contains, besides pure water, several other substances 
in proportions which differ in different places, the principal, as com- 
monly given, being common salt or chloride of sodium, hydro- 
chlorate of magnesia, sulphate of magnesia, and sulphate of Kme. 
By boiling the sea water, or confining it in pits, and exposing it to 
6vap(»ration, common coarse salt is procured. The saltness of the 
sea is not so great near the poles as within the tropics, except where 
there are gulfe which receive many rivers. 

Sea water contains the following per oentage weight of salt in 
various places : 

Near Iceland, 1.12 

Near Norway, 1.10 

In the Baltic, 1.30 

North Sea, near the Thames, 1.29 

In the Irish Sea, 1.40 

In the~ Atlantic, coast of France, 1.32 

Coast of Spain, 1.46 

In the Mediterranean, north of Malta, . . . 1.27 

Sea water is in some places less salt at the surface than at the 
bottom. In the Straits of Constantinople the proportion is as 72 
to 62. In the Mediterranean, as 32 to 29. Wherever it becomes 
more salt it loses its bitterness, and becomes, according to observar 
tions of Sparrman, like fresh water, at 60 fathoms below the surface. 
In order to ascertain this fact, Sparrman took a bottle of sea watet 
from that depth. It resembled rather fresh water with common 
salt dissolved in it. 

The saline contents of the waters of the wide ocean do not, as far 

as experience has gone, differ much in different latitudes, and under 

different meridians. The mean is about 3.5 per cent, in the weight 

of the water ; but the saltness is more or less affected by currents and 

Btorms. It la diminished at the surface dunivg \ieaiTj taao^, «£A "Vs^ 
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the discharge of rivers ; but increased by evaporation, which carries 
off the water fresh, and leaves the salt behind. Hence, there is often 
little consistency in detached observations. 

From a great variety of experiments, Dr. Marcet concludes, first : 
that the Southern Ocean contains more salt than the Northern, in 
the ratio of 1.0291 to 1.02*767. Secondly : that the mean specifk: 
gravity of sea water, near the equator, is 1.02 7 77, intermediate be- 
tween those of the northern arid southern hemispheres. Thirdly : that 
there is no notable difference in sea water under different meridians. 
Fourthly : that there is no satisfactory evidence that the sea, at great 
depths, is more salt than at the sur&ce. Fifthly : that the sea, in 
gener^d, contains more salt where it is deepest, and most remote from 
land ; and that its saltness is always much diminished in the vicinity 
of large masses of ice. Sixthly : that small inland seas, though 
conmiunicating with the ocean, are much less salt than the open 
ocean. Seventhly : that the Mediterranean Sea contains larger pro- 
portions of salt than the ocean. This last is explained from the lact, 
that a pretty strong current from the Atlantic always flows inward 
at the mouth of the Mediterranean, to supply, as is supposed, the 
water which escapes by evaporation, and leaves its salt behind. So 
great, however, is the influx, that this inland sea ought to have be- 
come perfect brine, or perhaps, to have deposited beds of salt, if 
there were no efflux ; and accordingly it is maintained that there is 
an outward current at the bottom, which carries off this excess of 
salt, and prevents its deposition, in the vast hollows at the bottom. 
But this under current is supposed, and not proved. 

The following are the mean specific gravities of the waters of 
different seas, according to Dr. Marcet's experiments : — 

Arctic Ocean, 1.02664 

Northern Hemisphere, 1,02829 

Southern Hemisphere, 1.02882 

Yellow Sea, 1.02291 

Mediterranean Sea, 1.02930 

Sea of Marmora, . 1.01915 

Black Sea, 1.01418 

White Sea, 1.01901 

Baltic, 1.01523 

Lake Ourmia, 1.16507 

Dead Sea, 1.11100 

The saltness of inland seas is subject to many variations. At the 
entrance of the Black Sea, the water is salter at the bottom than at 
the surface. It is said that this is caused by an under current from 
the Mediterranean. The saltness of the inland ^e^a \^ o^w ^(s^c^Xi^ 
ty the strength and direction of the wind, either ioTcii^^m^Qti^\iNAp 
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ing the entrance of water from the ocean. Accordingly, by th« 
experiments of Wilcke, it appears that the saltness of the Baltic is 
increased by a west wind, and still more so by the north-west wind ; 
but it undergoes a diminution when the wind is from the east. 
Thus, the specific gravities are, for a westerly wind, 1.0067; 
westerly storm, 1.0118; ditto from north-west, 1.0098; easterly 
wind, 1.0039. Hence, the proportion of salt in the Baltic depends, in 
no small degree, on the different winds ; a proof that the salt is not 
only derived from the neighboring ocean, but that the storms have a 
much greater effect on this saltness than is generally supposed. 

The constituent parts of sea water have been an object of much 
examination. The late Dr. Murray, of Edinburgh, was of opinion 
that there were various sources of fallacy in analyzing sea water, and 
that different modes of operating on the same water gave very different 
results. Two reasons are assigned for this, viz., that some of the . 
different salts naturally decompose each other in the process, and 
that a part is lost entirely by evaporation, especially if the tempera- 
ture be high. According to him, 10,000 parts of water from the 
Frith of Forth, (which • is not sensibly different from that of the 
ocean,) contain 220 parts of common salt, 33 of sulphate of soda, 
42 of muriate or hydrochlorate of magnesia, and 8 parts of hydrochlo- 
rate of lime. But this result differs widely from more recent analyses. 

Dr. Schweitzer, in the Philosophical Magazine, for July, 1839, 
gives its composition as follows : — 

Water, . . .' 964.745 grains. 

Chloride of sodium, 27.059 " 

Chloride of magnesium, 3.666 " 

Sulphate of magnesia, 2.296 " 

Sulphate of lime, 1.406 " 

Chloride of potassimn, . .... 0.766 " 

Carbonate of lime, 0.033 " 

Bromide of magnesium, 0.029 " 

Traces of iodine and ammoniacal salt, 

Total, 1000 

According to Dr. Bladh, the saltness of the sea, or ocean, is greater 
near the tropics than at the equator. 

The bitterness of the ocean is very great, when taken from the 
surface, or near the shore ; but when drawn from great depths, its 
taste is only saline. It would appear, therefore, that this bitterness 
is chiefly owing to the greater abundance of animal and vegetable 
matter or substances which float on the ocean, and which are de- 
composed or putrefying, and brought unceasingly into the ocean by 
lie runniog wMbers or rivers; 
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Man never uses sea water as a beverage. Some of the lower ani- 
mals, however, occasionally travel far to drink it ; sheep are fond of 
licking the salt left by the waves on the shore, and so are horses and 
cattle, which appear to fatten more easily when feeding on vegetation 
growing on salt marshes. Sea water is also considered a cure for 
certain diseases. 

Many attempts have been made to render sea water fit to drink, 
by freeing it from salt. Distillation is the most effectual method ; 
but the expense of fuel is immense at sea, and, after all, this process 
does not divest it of all its bitterness. Hence, mariners often perish 
of thirst, amidst the mighty waters of the great deep. Sea ice, 
when melted, affords nearly fresh water ; but, being devoid of air, 
its taste is not very ^^reeable, though it would be highl} prized in 
tini|8 of necessity, and forms the best substitute for fresh water. A 
temporary relief from thirst may be obtained, it is said, from holding 
sea water in the mouth. 

Without the quality of saltness, and without the constant agitation 
of its waters, which are appointed by Divine Providence, the fluid 
that constitutes the ocean would become corrupt, and destroy the 
animal life that now exists so abundantly within its bosom. 

Several modem philosophers consider the ocean as the residuum 
of a primitive fluid, which must have once held in solution all the 
substances of which the globe is composed ; that these sea waters, 
having deposited all the earthy principles, both metallic and acid, 
with which they were impregnated, there remains in the residuum, 
which constitutes the present ocean, some of the elementary princi- 
ples, too intimately combined with the water to escape from it. But 
this theory is now generally abandoned ; and it is considered that the 
ocean was produced by the condensation of the aqueous vapors of the 
primitive world. 



§ n. — Color of the Ocean. 

The color of the ocean varies very much in different places, but it 
is generally of a fine deep blue on the ocean, and green towards the 
coast, or in shallow water. This apparent color of the sea seems to 
arise from the same causes which impart a blue shade to the distant 
mountains, and give the atmosphere an azure hue. The rays of blue 
light, being most refrangible, pass in greatest quantity through the 
water, which, from its density and depth, makes them undergo a 
strong refraction. The other shades in the color ef sea waters depend 
upon causes both local and illusory. Among the more general sources 
of deception, maj he reckoned the aspect of l\ie dKy. Tk«s»^ «Sl «^ 
pareatiy dark-colored sea prognosticates a storm ', «xv5t ^^ ed^ot c* 
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the clouds being reflected in the waves, is mistaken for the color < 
the sea itself. Thus red clouds give a similar blush or rosy tint 
the waves ; and on some occasions the edges of the waves, by i 
fractiug the solar beams like a prism, exhibit all the brilliant colo 
of the rainbow, which is still more nearly imitated by the refraotic 
of the rays in the spray. Where it is shallow or transparent, tl 
color of the bottom is frequently mistaken for that of the water ; an 
this happens near the shore, especially near the mouths of rivei 
where the diffusion of mud and other earthy matters «annot fail \ 
affect the color of the sea. The variety of colors in the sea ma 
probably arise, in part, from animal and vegetable substances, diffuse 
through the waters in a putrescent state, and communicating varion 
tints. Th 3 yellow and bright green shades seem to be owing t 
living marine vegetables, which grow at the bottom, stretch thei 
fibres through the water, or spread over the surface ; and it is sup 
posed, that the color of innumerable minute animals is often con 
founded with that of the sea. 

Tlie Mediterranean has sometimes a purple tint. In the Gulf ol 
Guinea the sea is white, and around the Maldive Islands it is black 
The Vermeille, or Vermilion Sea, near California, has received ifc 
name from the color of its waters. The same phenomena may hi 
seen also at the mouth of the Rio La Plata. A great number of insects 
may impart a peculiar tinge to an expanse of sea. The green and 
yellow colors found between the Canary and Cape de Verd Islands, 
and in the Mare Di Sargasso, arise from a marine vegetable whidi 
grows at the bottom of the ocean, and covers the surface of the 
water, and produces the same effect as that called efflorescence cm 
lakes. The color of the Greenland Sea, according to Mr. Scoresby, 
varies from ultra-marine blue to olive green, and from the purest 
transparency to great opacity. These appearances, he thinks, are not 
transitory, but permanent ; not depending upon the state of the 
weather, but on the quality of the water. In 1607, Hudson noticed 
these changes, and observed, that the sea was blue where there was 
ice, and green where it was open. This may have been accidental, 
however. The green water forms perhaps one fourth of the Green- 
land Sea, between latitude 74° and 80°. It often constitutes long 
bands, or currents, lying north and south, or north-east and south 
west. In 1817, Mr. Scoresby sometimes passed through stripes of 
pale green, olive green, and transparent blue, in the course of teE 
minutes. The food of the whale occurs chiefly in green water, and 
there the fishers look for them, and more especially in the opake 
green than in the transparent blue, because they do not readily see 
their enemies through the former. On examining the differently 
colored sea water, Mr. Scoresby found various substances and animal- 
eaJes, chicUy in the oJive-green water. The nwinfeet oi xaa^xjaafc 
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immense ; these were one fonrth of an inch asunder. Henoe, a cubic 
foot would contain 110,592. From these and many similar obser- 
vations, Mr. Scoresby concludes that the Arctic Sea owes its color to 
animalcules, and that these occasion the opacity of the olive-green 
waters. The blue is imcommonly transparent, and contains but few 
of the animalcules. 

The ocean is generally transparent in proportion as we recede from 
the shore, and is decidedly more so in cold climates than in hot, 
owing, perhaps, to the smaller quantity of organic matter diffused in 
the waters of high latitudes. From this there are exceptions, as in 
the case of the Arctic Sea, just mentioned, and the Caribbean Sea, 
which is often remarkably transparent. It is not known to what 
depth the solar rays penetrate into the ocean ; and this circumstance 
is probabl^r as various as the transparency of the sea, on which it de- 
pends. Some limit the distance to 100 yards ; others assign more 
than double that space 



§ m.— Light or Phosphorescence of the Ocean. ^ 

The light or sparkling of the ocean is a magnificent and imposing 
spectacle. The vessel, while she ploughs her way through the deep 
seems to mark a furrow of fire through the billows. Each stroke 
seems to dash from the oar of the rower in the long-boat a brilliant^ 
i[s^T7}mg light, and at other times a tranquil, pearly one. Here, thou- 
sands of luminous points Hke little stars appear floating together on 
the surfece, and multiplying to form one vast sheet of light There 
the refulgent waves heave up, and rolling together, break in shining 
fbanL At other times, appear sparkling bodies resembling fish pur^ 
suing one another. 

The explanation of this phenomenon has much occupied the atten- 
tion of philosophers. Valisneri, Rigaud, and Dicquenasse have 
shown that this light is frequently produced by a little animal called 
the " Glow Worm of the Sea," which has a body extremely thin 
and transparent, and emits a light which is dazzling and vivid, and ^ 
seen at a considerable distance on the surface of the waves. The 
observations of Griselini, of Godeheu, of Dagelet, and Adamson, 
have proved that the sea contains other luminous animals, particu- 
larly polypi, and scolopendrae. The medusae dart from their horns, 
or antennae, light Uke that of a candle, while their bodies remain in 
the dark. The pennatula marina throws out so much light as to 
make other fish discernible at night All the observations of M. 
P^TOivandLazi^gsdar/f con^rm this explana^on. Yoi^i^cs'OiX-j^w^RS^ 
Fcmsier, and others, thmk that the light 6E tk^ sea, N^Vi^KDL QjK^fc ^a^^ 
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and appearing to emanate from its surface, is OTfing to the decompo- 
sition of vegetable and animal substances, wbich^ in the process of 
putrefaction, emit their hght or their phosphorus, as it is termed, 
the term being peculiar to the particular species of Hght. The spawn 
of fish also emit a light, which has occasioned the fishermen to give 
them the name of " Herring Lights." 

It is observed that the light of the ocean is strongest before a 
storm, which Newton attributes to the fiiction of marine currents. 
The light which proceeds fi*om animalcula, generally precedes a storm. 
Dr. Francis Buchanan has given, in the Edinburgh Philosophical 
Journal, a very singular and interesting account of an extraordinary 
shining of the sea, which occurred in 1785, in long. 61° R, and lat 
6° S., when the sea assumed the appearance of the milky-way, and 
was covered with luminous spots resembling the brighter stars in 
that constellation ; and although the break and swell of tlie sea was 
so considerable as to affect the motion of the ship, neither could be 
seen in consequence of the dazzling light, which continued until day- 
break. Several buckets of water were drawn, which proved to be 
full of luminous bodies about a quarter of an inch long, and the 
same in breadth. When brought near a candle their light dis- 
appeared, but by minute attention an extremely thin white filament 
was observed, covering their bodies, which could be taken up with a 
pin's point. These animalcula moved like worms in the water, and 
ret^ned their shining property when they were dry. The filament 
that covered them was of a umform shining color, and like a spider's 
thread in thickness. 

The albicores, large fish found near the coast of Afiica, not fer 

firom the equator, fi*equently congregate and agitate the animalcules 

so as to excite a peculiar splendid Ulumination, which these emit 

only when agitated by the pursuit of large fish, or some othej>cir- 

0bumstance, as the concussion of the elements. ) 



§ IV. — ^Temperature of the Ocean. 

The temperature of the ocean has probably a tendency to follow 
the mean temperature of the climate ; but many powerful causes 
interfere to modify it ; thus, between the tropics, the mean tempera- 
ture o^ the ocean at its surface is about 80^, and it generally ranges 
between 77° and 84°. Beyond the tropics it begins to decrease, but 
without observing any strict connection with the latitude ; because, 
on account of the great specific heat of water, powerful currents 
cannot fail, partially, to preserve for some time, the temperature of 
the place whence they came. Hence, currents from the torrid zone 
Mod passing into higher latitudes raise the iempexa\.\ae oi \k<b oo^w^ 

I. 
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abore what usually belongs to such parallels. The reverse holds 
good of cold icy currents from the Frozen Ocean, or Arctic regions. 
The temperature of the ocean is much more steady than that of 
the superincumbent air, and has hkewise a smaller annual range : 
unless where very shallow, it has scarcely any diurnal range. 

The temperature of the ocean, on descending below tlie surface, 
generally decreases, but not according to any uniform or known law. 
Thus, at a depth of ^yq fathoms, it is sometimes 1"^ colder ; while in 
other mstances, it requires 100 fathoms for 1^. Sometimes the cold 
attains its maximum at a depth of 100 fathoms, and sometimes it 
requires 400 or 500 fathomsl According to an experiment related 
by Ool. Sabine, the temperature of the Caribbean Sea was 45"^ 50' 
at a depth of 1000 fathoms, while its surface was 83°. But the 
enormous pressure at the bottom probably compressed the ball of the 
thermometer, and kept the apparent temperature above the real. In 
the Arctic Sea, the temperature increases with the depth. Mr. 
Scoresby, who first ascertained this fact, found an increase of 6.6° 
and 8° at the respective depths of 120 and 730 fathoms; Capt. 
Parry, 6° at 240 fathoms; Col. Sabine, 7.50"* at 680 fethoms; 
Lieut. Beechy, 10^ at 700 fathoms, and Mr. Fisher, 9.50^ at 188 
&thonis. Thus the rate of increase of temperature in the Arctic 
Sea has as inconstant a connection with the depth, as the decrease 
in the temperate and torrid zones. Sea water freezes at about 28°, 
after which the ice has been observed to cool down to -55° ; but we 
cannot .thence infer that a lower temperature does not occur in the 
Polar regions. 



§ V. — ^Depth of the Ocean. 

The depth of the ocean is a question on which our information 
is very imperfect, and there is Uttle likelihood that much accurate 
information will ever be obtained on the subject, as far as regards 
the wide ocean. 

According to the speculations of La Place, the depth of the 
ocean is comparatively small, and nearly uniform. If, therefore, it 
be remembered, that the bottom of the ocean is still a part of the 
earth's surfeice, and by much the greatest portion also, one would be 
apt to ask, why the larger part of the surface should be more level 
than what appears as dry land. The soundings which have been 
made in the ocean, are quite inadequate to decide the question. 
They, however, often indicate great inequalities in the depth ; but 
how fer hollows may have been filled with d6bris, or asperities 
worn doTFn, Jit is not easy to say, though it is moift \J^«^^ ^^X*"^^ 
mmnmtB of the momitsam exposed to the aUteniaJu^ ox QCSoi^'aMA 
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actioDs of air and moisture, suffer a more rapid abrainon than ihom ! 
which are wholly under water. In general, the slope of the adjft* 
oent shore is continued a great way under the water; that is, the 
sea is usually shallow where the shore is fiat; while its depth in* 
creases rapidly by the side of a cliff or steep mountain. It is there- 
fore probable, that some islands, though very small, may be the 
tops of submarine mountains as large perhaps as the highest that 
are seen on the sur&ce of the earth. In many instances no bottom 
has been found. This might proceed either from the shortness of 
the line or cable used for sounding, or from its being bome*aside 
by rapid currents. Lord Mulgrave, with a line of 4,680 feet,«found 
no bottom in the North Atlantic. At the Straits of Dover, the 
oei^Tal depth is 29 fathoms. The North Sea contains various shal- 
lows or Sand Banks ; yet, generally speaking, the depth increases 
*n going north ; and near Bergen in Norway, it amounts to 1,140 
leet A great part of this sea, however, is less than 100 feet in 
def>th. Most parts of the ocean have never yet been fathomed, 
although sounding lines five miles long have been employed. The 
utmost depth is supposed to be about 30,000 feet ; and Sir James 
Boss actually found no bottom 900 miles west of St. Helena with a 
line of 27,600 feet. 



§ VI. — ^Inequalities of Submarine Land. 

The bottom of the sea, like the surface of the earth, varies in 
form. In some seas there occur flats and plains, ranging to a con- 
siderable extent; and when near the surfece of the water, they 
form what are called Shoals. In other cases, plains of great extent 
occur, deep below the surface of the sea, wluch are denominated 
deep Submarine Plains. These plains, like those on dry land, some- 
times contain hollows of considerable extent, and great depth. The 
deep hollows under the sea, off the east coast of Scotland, known 
as Montrose Pits, are of this description. The bottom of the sea is 
sometimes hilly. These hills vary in form and magnitude, and are 
either deeply seated, or rise above the surfisuje of the water, forming 
rocks and islands. In tropical seas, the bottom, when not very 
deep, becomes incrusted with coral, which sometimes rises to the 
sur£ice, and then forms coral ree&, coral shoals, or coral islands. 

J£ the bottoiri is very deep, but sends np from below hills whose 
summits are not far below the level of the ocean, these, in tropical 
aeas, also become covered with coral. 

If the ocean were dried up, the surface would present mountains, 
vaUeys, and plains, which, though unseen, unquestionably exist, and are 
aSf^Hi^mshed from the visible by the epitbet, ttvi\>TXiasm<^. "TYii^X^K:^ 
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torn of the sea is, mareover, inhabited, to the depth of about 1,800 
feet, by immense numbers of testaceous animals. In a great many 
places, the madrepores form a kind of petrified forest, fixed at the 
bottom of the sea ; and fi^equently this bottom presents different 
layers of rocks and earth, so that the granite rises up in sharp- 
pointed masses. Near Marseilles, marble is dug from a submarine 
quarry. 

There are bituminous springs, and springs of firesh water, that 
ipout up from beneath the sur^ce of the ocean ; and in the Gulf of 
Spezia a great spout, or fountain of fresh water, is seen to rise like 
a liquid hill. Similar springs furnish the inhabitants of Aradus with 
their daily beverage. On the southern coa^t of Cuba, in the Bay of 
Xagua, at two or three miles from land, springs of fresh water gush 
up with such force, in the midst of the brine, that it is dangerous for 
small boats to approach them ; and the deeper the water is drawn 
from them, the fresher it is. It has been observed, that in the neigh- 
borhood of steep coasts, the bottom of the sea sinks down suddenly 
to a great depth, while near a low coast, and one of gentle decUvity, 
the sea deepens very gradually. 



§ Vn. — ^Level of the Seas. 

The level of the sefls is generally the same everywhere. This 
arises from the equal pressure in every direction, which the particles 
of a fluid exercise upon each other. The ocean, considered as a 
whole, has, then, a spheroidical surface, which may be considered as 
the true figure of the globe. The only exception to this position, 
may, perhaps, be found in gulfs and inland seas, which have only a 
slight communication with the ocean. In these parts of the sea, the 
level of the water may be sometimes a little more elevated than in 
the ocean. It is said that the Dutch found the level of the Zuyder 
Zee considerably higher than that of the North Sea. Tlie Red Sea, 
called the Arabian Gulf, also appears to be more elevated than the 
Mediterranean Sea ; and in general, small portions of the sea, open 
only to the east, have a higher level, on account of the accumulation 
of waters, driven into these gulfe, as into an alley, without an outlet, 
by the general movement of the sea from east to west. The trade- 
winds, also, when they blow against the mouth of an inlaftd sea, 
have a tendency to raise its level above that of the ocean. On this 
account it is, that the Arabian Gulf, or Red Sea, at Suez, is from 25 
to 30 feet higher than the Mediterranean at Alexandria, which, from 
the opposite action of the wind, and the gi*eat evaporation, is sup- 
posed to be a little below the general level oi l\ie oeeaw. 

Borne giM and inland seas, as the Baltic aad.^\adiL§«a&,Tefe v^ 
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spring, from the copious influx of river water, and are lowered 

summer by evaporation, and the efflux at their outlets. Of late yet ^ 

there has been considerable discussion regarding the subsidence of thlw 
Baltic, }:)elow the level it had formerly maintained. While some supp<»ijq 
this opinion, and venture to explain the cause, others deny the fact yf 

Both the trade-winds and the general westward motion of thtfi 
ocean, force the water into the Gulf of Mexico and the Caribbean Se%^ 
so as to maintain a higher level there than on the western coast, oppo^i 
site ; the difference being about 3^ feet. The consequence of ths? 
accumulation of water is, that it generates a current, moving nortihj.' 
which, after various windings through the Atlantic, at length reached" 
the western shores of Europe. This is the well-known Gulf StreanOy-i 
aheady described. 

Some naturalists allege that the d6bris, or alluvial matters dajHr 
abraded by the action of the weather on the surfece of the lana,r 
and swept into the ocean by the streams, must, at length, raise the 
level of the ocean, till it cover the whole globe, unless there be some 
compensating process, which either makes up for the exhausted mar 
terials, or gradually elevates the entire continents above the water ; 
it is not very easy to calculate what the alternative is. A compen- 
sating power may be situated deep in the crust of the earth. Such 
a compensating power exists also in volcanic elevations, the action of 
the coral insect, and the deposition of matter in shallow seas, iill 
they are converted into land. It is well known, for example, that 
the delta of the Mississippi is now several leagues longer than when 
New Orleans was built. 



§ Vni. — ^Marine Ice. 

Ice is formed on the ocean, thougli the salt which forms one of 
the chief constituent parts of its water, enables it to resist the process 
of congelation, at the ordinary freeriiig point of fresii water. This 
quality, however, does not resist the rigor of the Arctic regions, where 
the temperature of the air has been seen m low •* 80^ below ^ro. 
Sea water freezes at 28° ; but this temperature vjricfi a httle with 
the degree of saltness found at the particular point. Sea water parts 
with its salt in freezing. Hence, compact, pure sea ice affords fresh 
water on being melted. But when the ice is of a loose or cellular 
texture, (that is, full of air-holes,) its pores often contain hquid brine ; 
and therefore, on being melted, it affords only brackish water. It is 
the affinity between the water and the salt which retards the conge- 
lation of sea water ; because, the greater the saltness, the lower is 
the freezing temperature. 

Detached masses of ice are occasionally metmtih, fLoaAki!^^ m^lu^ 
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ocean, at so low a parallel of latitude as 40*^, in both hemispheres, 
having been conveyed thither by currents from the jwlar regions. 
At the parallel of 50°, they are more abundant ; and there it is 
common, in winter, to see tlie shallow edges of the sea covered with 
ice. At 60^ N. lat., the gulfe and inland seas arc often frozen over 
their whole surface. As we proceed towards the Poles, the ice be- 
comes more and more abimdant, and of larger dimcDsions, till at 
length we come to fields of ice, and icebergs, or mountains of ice. 
The process of congelation begins at the sur^Eice of the sea, with 
the £>Tmation of slender, prismatic crystals, resembling wet snow, 
termed by sailors sludge. The surface is at first rough ; but by the 
imion of the numerous crystals, it becomes smooth, and forms a 
continued sheet, which is next broken by the agitation of the water 
into fragments of about three inches diameter ; these again coalesce 
into a stronger sheet, which in its turn is broken as betbre, but into 
larger fragments, called ]pancake ice. 

Where the water is free from agitation, and the surface perfectly 
cahn, the congelation goes on more regularly, and more rapidly. 
During twenty-four hours of keen frost, the ice frequently attains a 
thickness of from two to three inches, and is soon fit to walk on, 
when it is called bat/ ice. When the thickness is about a foot, it is 
called light ice ; and when three feet thick, heavt/ ice. The term 
Jieldy is given to a sheet of ice so extensive that its farthest end can- 
not be seen from the mast-head. Very large, loosened pieces, whose 
boundaries may be seen readily, are called floes. Fragments of 
thick ice floating together, are called brash ice. Floating ice of any 
sort, sufficiently loose to permit a vessel to pass through, is called 
opefiy or drift ice. 

The sudden disruption of extensive fields is sometimes produced 
by that powerful tendency to undulation of the surface called ground 
swell, which is communicated by the motions of the adjoining Uquid 
sur&oe of the ocean during a continued storm. The ice, when thin, 
merely pelds ; but if thick, it is broken with a tremendous noise. 
A very interesting account of such a phenomenon is given by a party 
of missionaries, who passed along the coast of Labrador, in sledges, 
drawn by dogs. Tliey nan*owly escaped destruction, but were near 
enough to Avitness it in all its grandeur. The immense fields of ice, 
rising out of the ocean, clashing against one anotlier, and tlien 
plunging into the deep, with a >iolence which no language can de- 
scribe, and with a noise like the discharge of a thousand cannon, 
that struck even the minds of the poor l^quimaux with such 
solemn awe, that they unanimously expressed their gratitude to 
God for dieir escape, and acknowledged liis glorious omnipotence.* 

Bmwn'a History of the Propagation of Cltfisl\am)tY.--.\c?w'V!L ^«V\. 
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Though water undergoes a great expansion in the act of freeziB^ 
yet ice obeys the ordinary law of solids : that of expanding by heat^ 
and contracting by cold. The effect, therefore, of intense cold, is to 
contract ice, which, if of large dimensions, or fixed all around. Las 
no alternative but to break where it is contnicting most. This ia 
often attended with a tremendous repoi*t. On tlie contrary, a rise 
of temperature may not only bring tlie parts to meet again, but 
often noakes them lap over, or burst up with great violence. 



§ IX. ^ICEBBRGS, AND THSIK EFFECTS ON NAVIGATION, 

The term iceberg is apphed to huge masses of ice, resembling 
mountains, whether floating on the sea, or resting on land. The 
smaller icebergs appear to be sometimes formed in the sea itself, by 
the accumulation of ice and snow ; but the larger seem to be frag- 
ments of land icebergs, or glaciers, which have been piled up on 
shore till quite overgrown, and ultimately broken and launched into 
the ocean by their own weight. Masses of this «ort abound in 
Baflfin's Bay, where they are sometimes two miles long, and one 
half or one third as broad. They are bristled with various spires, 
rising sometimes 100 feet above the water, and descending much 
more below it. When compact ice floats in water, the part und-T 
the surface is nine times as thick as that above it; and hence, the 
icebergs may sometimes descend to a great depth, though tht^y 
should be far from consisting of very compact ice. 

Icebergs of an even surfiice, rising 90 feet above the sea, aiwl 
having an area of five or six miles square, are very common. Those 
of East Greenland are of an inferior size ; and they are still smaller 
around Spitzbergen, where some of enormous dimensions appear on 
shore. The reason assigned for this is, that owing to the shallow- 
ness of the water into which the huge fi-agments are precipitatod, 
they are all shattered against tlie bottom into a thousand pieces, 
before they are fairly laimched into deep water. When a glacier 
begins to give way, it leans majestically forward, and precijutates 
itself into t£e ocean, either in large fragments, or. in one huge mass, 
producing a noise like thunder, and raising clouds of smoke hke 
those of a furious cannonade. 

Icebergs variously affect navigation. They are often highly uso- 
ful by protecting na\ngators from gales of wind, as well as from the 
concussions' of drift ice, which moves more quickly than icel^ergs 
when actetl upon by the wind. Ships are sometimes moored or 
achored <.c icebergs, but not without danger, for these floating 
aasses ixre so nicely balanced as to be easily overturned should they 
happen to strike against the bottom of tiie sea. The ccmcMsaion 
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prodnoed in tJiis way sometimes detaches lar^o fra^ents; and 
sometimes the' iceberg rolls forward, to the imminent djinger of the 
vessel, though 100 yards distant; so great are the waves and wliirla 
caused by such an occurrence. 

It does not appear that any navigator has been wiUiin 6° of the 
North Pole, although some accounts pretend to a nearer approach. 
Captain Parry, in Los last voyago, leached to 82^ 45', and this is 
the nearest approach certainly known. The ^ure of Captain 
Cook's attempt to penetrate to the vSoath Pole, gave rise to an idea 
which has been pretty generally entertained since his time, tliat the 
South Pole is surrounded vnth. fixed ice to the distance of 18^ or 
19° ; and a more recent Russian expedition gave still worse hopes, 
as they could not get beyond the latitude of 70° south. Mr. Wed- 
dell has since that period reached 255 miles nearer to the Pole, and 
met with no obstruction. This enterprising navigator contends 
starenuously that the South Pole must be free fiom ice, and might 
be reached in a suitable vessel. But the late exploring expeditions 
have not penetrated further than 79 ^ ; and the obstacles which they 
encountered were such as will probably deter future navigators from 
venturing further. The cold is so intense and steady- in the most 
southerly lands which they discovered, that they exhibit n(5t a trace 
of vegetation. 



§X. — ^Motions op the Ocean. 

The waters of the ocean are perpetually in motion ; and it is 
beUeved that, without tlus provision of l3ivine Wisdom • for the 
economy of nature, in place of tempering and purifying the air, 
they would themselves become putrid, and desti'oy all animal life, 
bota within their surhcc and on laud. 

The water of the ocean yields to the slightest impression ; and 
although its density and weight combine to retain it in a constant 
equihbrium, it is agitated to a certain depth by very rapid and 
varied motions. These motions may be classed according to the 
manner in which the particles that com]X)se the fluid move, or the 
nature of the agents which give rise to the motion. Difference of 
direction distinguishes the horizontal motion from the vertical. In 
the first, the water flows along the surface of the globe ; in others, 
it only retires from the surface and approaches the centre. Hori- 
zontal motions may be direct, or recurved, or circular. On the 
extent and duration of motion, depends the difference between 
osdllatioBS, in which the whole mass of waters is moved at once, 
and midulaticms, in which the motion is propagated ftom o\\ft ^^ 
of the masB to tbo other. WiUi reference to l\ievt e^os^^ '^'^ 
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motions of the ooean may be divided into three kinds, nderos^ 
atmospheric, and internal. The sidereal are those which depend 
upon the influence of the heavenly bodies, constituting the tides; 
the atmospheric are those produced by the action of the wiiidi^ 
forming waves and some currents ; the internal motions are those 
caused by the action of terrestrial gravitation, and include all tha 
motions not due to the other two causes. With regard to those 
violent oscillations which accompany earthquakes, and arise firom 
hidden volcanoes, they may be wdled sea-quakes ; they are only ol 
occasional occurrence, and so local that they cannot with propriety 
be classed with the ordinary and constant motions of the ocean. 

In respect to the present subject, the ocean may be divided into 
three beds, or stj^ta, of varying thickness : 1st, that agitated by the 
winds — the region of waves ; 2d, the region of currents, extending 
deeper than die preceding ; and 3d, the iumiovable region, where 
the gravity and cohesion of the particles counteract the action of 
waves and currents, and prevent all motion, except such as may 
arise from occasional agencies. This region is of course below toe 
others, and includes all the waters between the lower limits (^ the 
2d and the bottom of the ocean. 



§ XI.— Waves. 

The motions which first present themselves to our notice, are those 
partial and alternate risings and fallings of the sur&ce known by the 
name of waves, or undulations. The Motion of the wind on the tin- 
even surfece of the water causes a slight swell, and as the hollow is 
protected, the next blast increases the swell, till it becomes one of 
those huge masses of moving water, the sight of which fills every 
mind susceptible of high emotions, with joyous awe and admiration. 
Waves are scarcely ever without progressive motion ; but the real 
prepress of the suifece of the water is generally small, compared to 
the apparent motion of the waves, as is easily proved from every 
floating, body which does not rise above the surface, so as to be hur- 
ried forward by the wind. 

Waves are distinguished into natural and accidental. The natural 
are proportional to the strength of the wind producing them. Un- 
equal and violent winds give rise to waves which tower aloft, Uke 
foaming mountains, roll, rebound, and dash against each other. A 
strong, constant, and equal wind produces long, ridgy waves, which 
all rise with the same front, push forward with the same velodty, and 
finally predpitate themselves, in regular succession, on the shore, or 
ofber oppoBing object Sometimes a wave sx^peii'^Q^V} t^^os^^ 
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wind, cat airested by a current, forms a liquid wall, to the imminent 
danger of the navigator. 

In rounding the Cape of Good Hope, waves, or rather swells, are 
met with so vast, that a few ridges and a few depressions occupy the 
extent of a mile ; but these are not so troublesome to navigators as 
a short swell, with more perpendicular waves. The slopes in tlie for- 
mer are so gentle, that the rising and falling is rarely felt, while the 
latter, by the sudden plunging of the vessel, is often destructive. 
The large waves just mentioned, proceed at the rate of from 30 to 40 
miles an hour. It is a common error to suppose that the water itself 
advances with the speed of the wave, while in fact, the former only 
advances ; the substance, vnth the exception of a Httle spray, remains, 
rising and faUing, in the same place, with the regularity of a pendu- 
lum. When a wave, however, reaches a shallow bank, or beach, the 
water becomes really progressive ; because, then as it cannot sink 
directly down, it falls over and forward. Although the expression, 
*• billowB mountain high," has become proverbial, the tops of the very 
highest waves are never more than 40 feet above the next depression. 
But a wave coming against any obstacle can be raised up to a much 
greater elevation ; more particularly if the opposing obstacle has a 
contrary motion, as frequently happens at the mouths of some great 
rivers. The enormous waves produced in such circumstances, (termed 
boreSj) sometimes roll on with great velocity, to the extreme danger of 
navigators and their ships. They are generally highest at spring tides. 
The most sublime and remarkable example of this phenomenon, is 
that which is seen at the mouth of the Orellana, or Amazons, where 
the wave is sometimes 180 feet high. 

Accidental waves are occasioned by the repercussion of the vrindB 
from the hills and bold coasts, and by the dashing of *the waves on 
rocks and- shoals. Waves are always seen to roll towards the shore ; 
but any obstacle opposed to their progress, becomes the centre of a 
new series, which spread in circles. One set of waves, however, may 
not interfere with the motion of another, and they may mutually 
cross without interruption. 

Breakers, <Jr waves which break against some obstacle, when formed 
over a great extent of shore, are distinguished by the name of surf. 
The surf is greatest in those parts of the ocean where the vrind blows 
always nearly in the same direction. The depth to which ordinary 
waves agitate the waters has not been ascertained with any degree 
of accuracy. Divers, however, assert that at the depth of 90 feet ^ 
calm water is found, even when the surface is agitated by a violent 
tempest ; and it is supposed the influence of waves does not go down 
beyond 40 feet. Geometricians have attempted to subject Iba txiq^Q'os^ 
of the waves to calculation ; and they a&sert, ttiat. lYi^ -^Tcy^^j^^'^a 
of wMves would be equal to the descent of a YieaTj \>o<V^^^cpa3L^ 
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height equal to one half the depth of water in the channel. Conse 
quently, the depth being one foot, the velocity of the waves would 
be 5.005 feet in one second of time, and if the depth be greater or 
less, the velocity of the waves will vary in the sub-duplicate ratio of 
the depths, provided they are not too considerable. But these calco- 
lations are deemed, by good judges, very unsatisfactory. 

We must distinguish the waves produced by the momentaiy ac 
lion of the wind, and those which arise from the impulse oommuni 
cated by the preceding wind, or by a current, or by any other cause. 
Navigators often experience this double oscillation, which contributes 
to augment the agitation of the vessel. 



§ XII. — General Nature of T ii»bs. 

The tides of the ocean are those regular and jx^i iodical oscillations 
which the waters of the ocean undergo, from the rojjpective attractbns 
of the sun and moon. 

The motion of a planet revolving round the sun, depends on the 
comparative strength of the <jentrifugal and centripetal forces. 
Whatever gives a proportionate increase to the latter, will make the 
planet's path curve in more rapidly than it otherwise would ; and 
whatever gives a preponderance to the former, will render the palli 
less curved, and vwe versa. These facts, combined with the law of 
gravitation, explain the phenomena of the tides. Suppose, first, that 
the earth revolves round the sun, unaccompanied with any moon, 
and not revolving on its axis, its figure would assume a spheroidal 
fonn, owing to the slight cohesion of the particles of water, and the 
nearer side being attracted more, while the farther side was attracted 
less strongly tlian the centre. Two elevations of water, therefore, 
(i. e. two tides,) would appear, the one highest at the point nearest 
the sun, and the other at the opposite point. As the surrounding 
waters would move towards these two points, the remoter waters, 
being left without support, would, under the influence of terrestrial 
gravity, flow towards the same points. Hence they would be de- 
pressed, and this depression would be greatest at the circle of quad- 
rature, or that of which the above-mentioned points are the poles. 

If now the earth began to revolve on its axis, the waters would 
still rise towards the same points, and flow away from the circle of 
quadrature, since the action of the centrifugal and centiipetal forces 
remained unchanged. But owing to the vis inertice, (or resisting force,) 
and cohesion of the particles of water, the highest swell would fall 
considerably behind the Hue of the syzygies, (i. e. a hno passing 
through the centres of the sun and the earth,) for it would take some 
f/me before the new motion would be coinm\m\ea\ftd. to tli^ ^liter* 



PSCULIABiriES OF TIDES. 29 

Hie result^ therefore, would be a periodical rise and fall of the waters 
of the ocean, all round the earth, once in twenty-four hours, high 
water occurring some time after noon and midnight, and low water 
in the intervals. 

If now we introduce tlie moon, it is evident that its action will 
greatly modify that of tlie sun. But as the attraction of the moon 
on the earth is much feebler than that of the sun, (its proximity by 
no means counterbalancing its minute size,) we do not at first |Xir- 
ceive why the moon should have so much more influence on the 
tides than the sun. This is owing to the fact, that the difference of 
the attraction which it exerts on the nearer and further sides of the 
earth, is greater than in tlie case of the sun ; for the earth's diameter 
is about one thirtieth of the moon's distance, while it is little more 
than one twelve- thousandth of the sun's. Now it is upon this difler- 
cuce, and not upon the ahsolute attraction, that the size of the tide 
will depend ; for it is evident that if every part of the earth were 
equally attracted, no matter how strongly, tluTO would be no tide. 
When the moon is < do. <[uartcT old, it is on the earth's track, behind. 
Here it of course reUuds the onward motion of the water next to it, 
more than it does that of the earth's centre, while it acts still less 
feebly on the most remote part of the earth. Hence, as in the case 
of the sun, it will raise a tide at the nearest and furthest points, and 
depress the waters on the intermediate circle. It is also manifest 
that in this position, the solar or sun's tide counteracts the lunar or 
moon's tide ; but, for the reason just mentioned, the latter is the 
larger ; and, therefore, there is a small tide under, and another oppo- 
site to the moon. When the moon is three quaiters old, she is on 
the earth's track, before. Ilere the result is the same as in the 
former position, although the moon's action hastens, instead of dimin- 
ishii^ the earth's velocity. At new and full moon, the attractions 
c^the sun and moon co-operate, instead of counteracting each other. 
Hence, the highest tides, termed sprintj tides, occur at tliese periods. 
The lowest tides, which happen when the moon is in quadrature, are 
termed neap tides. The influence of the causes already mentioned, 
however, retards the time of spring and neap tides ; and therefore 
they happen a little after the commencement of the respective quar- 
ters of Uie moon« The principal modiiicatioas of the tides arismg 
from other causes, will be shown in tlie following section. 



§ XIIL ^PECULIARmES OF TiDES. 



The proximity of the sun and moon in the heavens, causes the 
extraormnary spring tides which happen Ix^fore the venial and aftftt 
the autiimniu eyiiiiyoA'. hut thoy do not hup\)eu cver^ ^'(^syx^\ji(:j(^\)S^ 
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variations are sometimes produced by the particidar situation of tlw 
moon. The least spring tides occur shortly after the solstices, as the 
sun and moon are then farthest asunder. Tlie tides are affected by 
the great inequality in the depth of the sea, the situation of the 
coasts, their decU\nty under the water, (sometimes rapid and some- 
times otherwise,) the different breadths of the channels and straits^ 
and also by winds and currents. All these local, and sometimes 
accidental circumstances, alter the progress of the tides, and make 
them deviate from the regularity which they would otherwise main- 
tain in the open sea. Thus we see, in the islands of the South Sea, 
regular tides of only one or two feet elevation ; while upon the 
western coasts of Europe, and upon the eastern coasts of Asia, the 
tides are extremely strong, and subject to many variations. 

Upon the coasts of France, which border on the British Channel, 
the tide, being confined in a basin, and at the same time repelled by 
the coasts of England, rises to an enormous height, which sometimes 
renders the navigation very perilous. At St. Malo it rises to 60 feei 
Sometimes several tide-waves unite. Thus, at the mouth of the 
Elbe, the tide is sometimes the result of three forces : one flux comes 
from the Straits of Calais, another from the Orkney Islands, and a 
third from the waters of the Elbe. The mean height of the tide at 
Hamburg is 6 feet 8 inches ; the spring tide is generally 7 feet 8 
inches ; but when the wind blows with violence from the north-west, 
the tide rises to the height of 18, and sometimes to upwards of 20 
feet Hamburg is 30 leagues from the mouth of the Elbe, and the 
tide traverses this space in 5 hours and 23 minutes, but when it 
arrives at the mouth of the river, it takks from three quarters of an 
hour to one hour and a quarter, to force back or overcome the river 
current. The same current makes the flood-tide, at Hamburg, last 
only 4 hours and 18 minutes ; and the reflux, or ebb-tide, 8 hours 
and 6 minutes. 

In the torrid zone, the flood-tides run from tsast to west ; in the 
north temperate zone, they come from the south ; and in the south 
temperate zone, from the north. Both the temperate zones are affect- 
ed by the greater influence which the sun and moon have upon the 
waters of the torrid zone, which are more directly under their agency. 
To this general fact, there are exceptions of a local nature. The 
frozen zone of the north has very few tides ; its distance from the 
equator, and the land which surrounds it, as well as the ice with 
which its seas are encumbered, all combine to destroy the effect ot 
sidereal attraction. Little is known of the tides in the south frozen 
zone. 

The instant of low water is nearly, but not exactly, in the middle 
of the interval between two high waters. The tide g^erally takes 
Jilae OM tea minutes longer in ebbing than in flowing, Tbfi interval 
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between two high waters is least during spring tides, when it is 12 
hoursi, 19 minutes. At neap tides the interval is greatest, \iz^ 12 
hours, 30 minutes. The time of high water is mostly regulated by 
the moon, and in the open sea, it is from two to three hours after 
that planet passes the meridian, either above, or under the horizon. 
On the shores ot large continents, and where there are shallows and 
obstructions, great irregularities take place in this respect, and when 
these exceed six houi-s, high water apparently precedes the passage 
of the moon over the meridian. 

The highest of the spring tides is not that immediately after the 
new or fiill moon, but it is, in general, the third, and in some cases 
the fourth. The lowest of the neap tides occur much about the 
same time after the quarters. The total magpitude of the tide Is 
estimated by the difference between the height of high and low 
water. The higher the flood-tide rises, the lower the ebb-tido gen- 
erally sinks on the same day. At Brest, the medium spring tide is 
about 19 feet, and the mean neap tide about 9. On other parts of 
the coast of France and England, the waters being confined, rise to 
a great height, and at St. Malo it is frequently from 45 to 50 feet ; 
and still higher tides occur at Annapolis, in Nova Scotia, where they 
are sometimes 10 feet high. It is the obstruction which the land 
presents to the motions of the waters, that occasions tides of any 
coDseqiience at all. Were the globe entirely covered with water, 
the tides would be very insignificant. Thus, in the Pacific Ocean, 
the spring tide amounts only to 5 feet. 

On the other hand, a free communication with the ocean is indis- 
pensable to produce a high tide, and in inland seas, the tides are 
very trifling, because the luminaries act nearly equally over the whole 
sariace at the same time. 

The height of the tide increases as the sun or moon is nearer the 
earth, but in a higher ratio. The rise of the tides is Ukewise greater 
when the sun and moon are both nearest the zenith of a place, and 
less, as they dedine from it. When tiio observer and the moon are 
on the same side of the equator, the tide which happens when the 
moon is above the horizon, is greater than when she is below. The 
reverse occurs when the observer and the moon are on opposite sides 
of the equator. The cause of this is easily understood from what 
has been said above. If the tides be considered relatively to the 
whole globe and to the open sea, it appears that the meridian about 
30^ eastward of that on which the moon is, has always high water, 
both in the hemisphere where the moon is, and in the opposite. On 
the west side of this circle, the tide is flowing ; on the east side, it 
b ebbing ; and on the meridian, which is at right angles to the same, 
H 18 everywhere low water. These meridian didea mo\^ -^^XT^^t^^ 
keepkfgne/ufy'At the same distance from tiid rnoou^ oiiiy v^ip^s^i^is^ 
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nearer to her when new or full, and withdrawing at the qnartere. 
In high latitudes, the tides are very inconsiderable ; and it is prob- 
able that at the Poles there are no diurnal tides ; but there is some 
ground for thinking that the w^ater will rise higher at the Pole, to 
which the luminaries are at any time nearest, than at the opposite. 

Tlie great wa\'e which folloAvs the moon, and constitutes the tide, 
is to be considered as an undulation of the waters of the ocean, in 
which there is very little progressive motion, except when it passes 
over shallows, or approaches the shore. 

High water occurs, as we said, not when the moon is on the me- 
ridian, but from two to three hours afterwards. When the sun is 
before or west of the moon, he hastens the rise of the tide ; but 
when behind her, he retards it. 

Considerable extent of surface is necessary, in order that the sea 
should be sensibly affected by the action of the sun and moon ; for 
it is only by the inequality of such action on different parts of the 
mass of waters, that their level is disturbed. In narrow seas, and 
on shores &r from the main body of the waters, the tides are not 
caused by the direct action of the luniinaries ; they are waves propa- 
gated by the great dijirnal undulation. Of tliis, the tides on the 
coast of Great Britain, and in the German Sea, are remarkable ex- 
amples. The high water transmitted from tlie tide in the Atlantic, 
reaches Ushant between three and four houre after the moon has 
passed the meridian, aud its ridge stretches north-west, so as to fall a 
little south of the coast *J Ireland. Tliis wave, soon after, dindes 
itself into three branclK^^^ f ri*3 passing up the British Channel, an- 
other ranging along the west side of Ireland and Scotland, and the 
third entering the Irish Channel. The first of these moves at the 
rate of fifty miles an hour, so as to pass through the Straits of Dover, 
and to reach the Nore, or mouth of the Thames, about midnight, 
during sprii^ tides. The second, being in a more open sea, moves 
more rapidly, reaching the north of Ireland by six o'clock, P. M. 
About nine o'clock ^t has reached the Orkney Islands, and forms a 
wave or ridge stretching due north ; at midnight, the summit of the 
same wave extends from the coast of Buchan, eastward, to the Naze 
of Norway ; and, in twelve hours more, it passes southward through 
the North Sea, and reaches the Nore, where it meets the moraing tido 
that left the mouth of the Channel only eight hours before. Thus 
these two tides travel round Great Britain in twenty-eight hours, in 
which time, the primitive tide has gone quite round the globe, and 
nearly forty degrees more. 

Various curious anomalies are observed in the tides of particiilaT 
places, such as their ceasing altogether for a day or two, at a certfun. 
age of the moon ; while, at other times, they become considerable, 
thoi^h perhaps occumng only once a day. It u ^d^ \.V2a\> ou «kSk!a 
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coasts there is never more than one tide in the course of a hmar day, 
which is probably owing to some oversiglit ; but it may be shown 
from theory, that if the observer's distance from the Pole be equal to 
the moon^s declination, he will see but one tide in the day. Small 
tides occur six times a day, on the shore of the island of Negro- 
pont. 

The agency of the tides is very extensive in many of the opera- 
tions of nature, and particularly in those which regard Geology. 
The late Professor Robison, of Edinburgh, suggCvSted how experi- 
ments might be made to- determine the mean density of the globe, 
from the temporary change which is undoubtedly caused on the 
direction of gravity, by the great body of water brought to Annapo- 
Hs, and then withdrawn by the stream tides. 

The Mediterranean Sea has only very small tides, and these seem 
to be formed chiefly in the part extending to the east of the island 
of Malta, and to proceed northward into the Gulf of Venice. The 
cause of this is the smallness of its surface compared with the diam- 
eter of the globe ; hence, the moon's action is nearly the same on 
every part of its surfiice. The ocean communicates the cfiect of its 
tides to such gulfe and inland seas as have their entrances turned 
towards those points whence the tides come. The Baltic and Medi- 
terranean are not in this situation ; hence they are unaffected by the 
diurnal tide-wave. But Hudson's Bay, and Baffin's Bay, are so; 
and there, consequently, the tides are sensibly felt. The Arabian 
Gul^ also, is a striking example of the same kind. 



§ XIV.~Marink Currents. 

We now proceed to the consideration of those motions of the 
ocean which from their resemblance to ordinary skeams are denomi- 
nated Currents. It is remarked that between the tropics, and as 
&r as 30 degrees on each side of the equator, there is a continued 
motion in the waters of the ocean, from east to west, in a direction 
flimilar to that of the trade-winds, but contrary to that of the rota- 
tion ef the globe. Navigators, in order to go from Europe to 
America^ are obliged to descend to the latitude of the Canary 
Islands, in order to catch the current which carries them rapidly to 
the west. They observe a similar course in going from America to 
Asia by the Pacific Ocean. We might imagine that they do this 
on account of the trade-^vinds ; but they assure us that the effects 
(rf the wind are very easily distinguislied from those of the marine 
current. The fact is hkewise proved by the direction in which 
bodies float on the sur&ce of the waters. 

A second current Sows from each Po\a ioTiax^ ^^ ^Q;;(yaXjcit« 

2* 
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These have also their corresponding motion in tte atmosphere. 
They are termed Northern and Southern Polar Currents. The most 
dedsive evidence of these motions is dedu(»d from the direction of 
the floating piecra of ice, which invariably proceed Irom the Polea 
towards the ei^uator. 



§ XV.— The Polah CtmaE^rs. ■ 

Those two currents appear to depenJ upon the sun, and nl 
rotation of the globe on ita asiis. They are explwned in the follow- 
ing manner. Every day the solar rays dKsolve an enormous quan- 
tity of ice. Thus iha polar seas have always a superabundance of 
water, which they endeavor to dischar^. As the water under tho 
equator has a less epedfio gravity, and as, moreover, the evapora- 
tion, which is very powerfiil under the torrid zone, absorbs a great 
part of it, it is necessary that the neighboring waters should flow 
towards the equator in order to re-eslablish the equilibrium. Ttia 
motion is propagated from one region 1« another; and thus tbe 
oircumpolar watere are slowly impelled towards the equator. They 
find their way back in the form of huge clouds and masses of vapo^ 
which are carried towawls the Poles by tho returning curranta'' 
the atmosphere. '' 



I XVI. — Tub Equatorial Cdkrent. 
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The motion from east to west, which may be called the Trojrical 
or Equatorial Current, appears to result from the same ultimate 
causes as the polar currente. For as these latter move towards die 
equator, tiiey pass to points having a more rapid easterly motion 
than their previous positions ; and as (owing to the vi* inertim) they 
do not at onee acquire tie rapid motion of the point to which th^ 
have come, their ensterly motion is slower than that of the solid 
bodies around them ; and hence they have an apparent westerly 
motion, just as a person walking westward on the deck of n ship 
which sails eastward at a more rapid rate, is really moving eastwarfl, 
although he is apparently walking westward. This apparent motioa 
of the currents becomes more rapid the more they move towards 
the equator, becanse the eastward motion of the earth's surf^ 
increasea at a more rapid rate ; so that by the time they reach tha 
parallel of 30^ they have a decidedly westward motion. Hence it 
will appear that the two great ocean currents depend upon the 
Bame causes as the corresponding atmospheric currents, thon^ titt 
/■aiter probably assist the former. ''I^^^^^^l 
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Tlie northern polar cuirente eiliibit very remarkable efied^' 
They bring upon tbe coaste of Iceland such an enormoua quanti^' 
of ke, that aU t}ie northern gul& of tliat country are filled witli it, 
though they are often 600 feet in depth. The iea is sometimes 
raised up ao as to form mountains. Some years no ice, but immenao 
collectionB of floating wood, particularly jiinea and firs, are cast on 
shore. It is in the aemioircnJar hollow of the northern coast of Ice- 
land, that the wood and ice are accumulated. It is evident that it 
is one and the same cause which brings them thither; and as it is 
irapoBsible that great trees can be produced under the Pole itself 
the wood can only come from Siberia or Nortli America. The phe- 
nomenon of these floating foreeta, which are only found in tba 
drcumpcdar seas of the north, have very much engaged the attenti(»i 
of Get^raphers, and it is not yet perfectly explained. It ia beUevod 
tfiat tlw wood is drifted partly from the QiUf of MeMCO, by the 
cnnent of Bahama, because specimens of timber have occaaional^ 
been seen, which grows only in Mexico and Braal. These kiod^ 
however, are in small quantjnes. Siberia, and Hio unknown northem 
oOBBt of America, contribute probably much greater proportions. 



I 



§ XVI. — DocBLB iNn Opposite CoitBBHTS. 

It is very possible that there may be in the same place a doubU 
local current, the one above, near the surface of the water, the other 
at the bottom. Some alleged facta seem to prove this hypothesis, 
whkh was first propused by the celebrated HaUey. In the sea 
ronod the Antilles, it is said there are some places where a vessel 
may moor itself in the raidtt of a current, by dropping to a certain 
known depth, a cubie to which is attached a sounding lead. If this 
were so there must nnqnestionably be a current below, contrary to 
that which is at the surfkii) of the water. The stationary situation 
of the vessel would arise from the equality of the two forces, the 
one acting on the ship, llie other on the lead. Similar cireum- 
8lanoe» are said to have been observed iu the Sound ; and some 
suppose that the Mediterranean discharges its waters by an inferiw 
or concealed current. 

A difference of density in the beds of water, a great rapidity at 
motion, and the coherence of fluid particles, are jplaa'^ible reasons m | 
txror (M tMs hypothesis of D6uble Ourrenls. But they find hUle 
&vor among philosophers at the present day ; and the facts alleged 
in &VQr of tlieir existence are all unsatisfactory. 

It k more easy to prove than to explain the existence of opposite 
anrreutft, which pass along by the side of each cAliCT. !& "Owi 1£.al»- 1 
tqga:^ • aortiara anient ppocaeds from tlie Baitia tio^i^ftift a 
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Sweden; and another, a southern current, enters into the BaltM 
alo>ig the coasts of Jutland. In the North Sea, there is a northetn 
current which comes from the Pas de Calais, or that part wh?di 
divides the English Channel from the North Sea, and a sonthem 
CQiTent which goes from the Orkneys along the British coast Hie 
great rivers often occasion currents at their mouths, contrary to those 
of the sea. 



§ XVni. — Eddies, or Whirlpools. 

When two currents of a more or less contrary direction, tod of 
equal forces, meet in a narrow passage, they both turn, as it were, 
upon a centre, which is sometimes spiral, until they unite, or one of 
the two escapes. This is what is termed a whirlpool or eddy. The 
most celebrated are, the Euripus, near the Island of Euboea, tho 
Maelstrom, on the northern coast of Norway, Corryvrcckan, on the 
Western coast of Scotland, and Hurlgatc, near New York. These 
eddies sometimes augment their force by means of two oontraiy 
high tides, or by the action of the winds. They draw vessels along, 
and dash them against the rocks, or engulph them in the eddies, the 
wrecks not appearing until some time afterwards. Upon this simple 
ground, very marvellous fables have been invented, and mention has 
been made of gulfe at tho bottom of the ocean, and subterraneous 
rivers, and other things, I lie existence of which is quite imaginary. 



§ XIX. — ^Depth, Raiithtv, and Direction of Currektb. 

The depth of currents is a physical problem very difficult to solvei 
The perpetual currents, however, from their regularity and their pow^ 
erftil action, even in the greatest calms, sufficiently indicate that 
they have a considerable depth. Tlieir rapidity is not better known. 
That of the equator is reckoned 10 miles per day. It is independ- 
ent of winds and waves. But which of these t>vo forces is to be 
distinguished as that which, acting on tho surfiwse, is more sensibly 
felt by navigators, none can tell. 

Currents are either general, arising from the diurnal rotation of 
the earth about its axis, or particular, arising through accidental anc 
particular causes, such as the waters being driven down agains\ 
promontories, or into gulfs and straits, where, wanting room to 
spread, they are driven back, and thus disturb the ordinary course, 
oar flux of the sea. Some currents are variable, directed towards 
d^erent parts of the ocean, and some are constant, while others are 
peiiadicaL 
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As the knowledge of the direction and velocity of cnrrents is a 
very material point in navigation, it is highly necessary to discover 
botn, in order to ascertain a ship^s situation and course with accuracy. 
The most successful general method adopted among mariners, is the 
following : — ^a common iron pot, of four or five gallons' capacity, is 
suspended by a small rope so as to hang directly upright The 
rope, which may be from 70 to 100 fathoms long, is coiled into a 
boat, which is hoisted out of the ship when there is no wind to 
ruffle the surfisuse of the sea. The pot being then thrown overboard 
into the water, and immediately sinking, the Hnc is slackened till 70 
or 80 &thoms are run out, after which it is fastened to the boat^s 
stem, by which it is restrained and rides at anchor. The velocity of 
the current is then easily tried by the log and half-minute glass, the 
usual instruments for discovering the rate of a ship's sailing at sea. 
The course of the stream is next obtained by the compass provided 
hr this operation. Having thus found the setting and drift of the 
current, it next remains to apply this experiment to nautical pur^ 
poses. 

There are a great many shifting currents, which do not last, but 
return at certain periods. Most of these depend upon, and follow 
the anniversary winds, or monsoons, which, by blowing in one place, 
may cause a current in another. Varenius infonns us, that in the 
Straits of Sunda, when tlie monsoons blow from the west, in the 
month of May, the currents set to the east — contrary to the general 
motion. Between Cochin China and Malacca, when the western 
monsoons blow, from April to August, the currents set eastward, 
against the general motion ; but the rest of the year they set west- 
ward, the monsoon corresjxjnding with the general motion. They 
ran so strongly in these seas, that inexperienced sailors mistake them 
for breakers. In the Straits of Gibraltar, the currents carry ships 
almost always to the eastward, driving them hard into the Mediter- 
imean. This is the case also in the British ChanneL 



§ XX. — Currents op the Pacifio. 

The Pacific Ocean, by its general motion, retreats from the coasts 
of America, and flows from east to west ; and the motion is very 
powerful in the vast and uninterrupted extent of that sea. Near 
Cape Corrientes, in Peru, the sea ap}>ears to flow from the land. By 
this single cause ships are carried with rapidity from the port of Aca- 
puko, in Mexico, to the Philippine Isles. But in order to return, they 
are obliged to go to the north of the tropics, to seek the polar cmk^v^ 
and the variable winds. On the other side, lYie fiowXk "^^t <^:<«n^sc^^ 
Soding' no had to impede it, carries along mtk tt. ^V\t S»^ ^''vck \ 
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latitudes where the motion of the tropical current begins to be fdL 
This is the reason why, in the southern hemisphere, floating pieces 
of ice are met with at 50, and even 40 degrees, S. latitude. 

The Pacific Ocean, in its motion towarcls the west, is impeded br 
an immense archipelago of flats, islands, submarine mountaini?, and 
even lands of considerable extent ; it penetrates into this labynnth, 
and there forms various successive currents. The direction which the 
principal of these currents observe, is conformable to the general 
motion towards the west. But the inequalities of th« basin of the 
sea, the coasts, mountains, &c,, turn some towards the north or sontL 
We may easily imagine that a strong percussion of the waters of the 
ocean, in consequence of their meeting with a large mass of land, 
such as New South Wales, may even produce a counter current^ 
which will return towards the east, and which, by breaking, will also 
produce other currents, differently directed. Here, then, is the origin 
of those dangerous currents which Cook and La Ferouse mention in 
their voyages. 



§ XXI. — Currents of the Indian Ocean. 

In the Indian Ocean we shall find the celebrated Perpetual Cur- 
rent, which runs northward from New Holland and Sumatra, as fiff 
as the bottom of the Bay of Bengal. This current arises from the 
pressure of the polar currents upon the large opening which the 
Indian Ocean presents to the south. This ocean is bounded to the 
north by the immense Asiatic Continent; the equatorial current 
which is formed there, is, therefore, feeble, or altogether ceases, as 
there is no mass of cold water passing from the north. On the other 
side, the Pacific Ocean cannot carry its impetus thither, as it is broken 
and dispersed in the labyrinth of islands. Thus, the influence of the 
southern polar streams predominates, without an obstacle, in the In- 
dian Ocean ; and these produce the perpetual current, which sets 
towards the Bay of Bengal, upon a line more and more inclined 
towards the north-west, or following the conformation of the coasts. 

The action of the general motion of the sea, at first weak, in the 
Indian Ocean, augments by degrees, till it gains the ascendency. It 
is easy to imagine, that a general impulse, which acts on a vast fluid, 
and which influences all its particles, ought to increase according as 
that fluid extends in the direction of the moving power. One part 
of the sea, then, reacts upon the other, and the sum of these repeated 
effecto, in time, becomes immense. These principles show why, 
towards the Island of Java, the natural motion of the sea is changed 
by the northern current, of which we have spoken ; and why this 
same motion to tbe weat, k found in tiie TieAg\i\)OT\i<i;>(A ^ cSqjVa. 
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and the Maldive Islands. But a new local circumstance again makes 
this motion decline from its natural direction. A chain of islands and 
shallows extends from Oape Comorin, in the peninsula of India, to 
the north point of Madagascar. The principal current being in- 
terrupted by these obstacles, turns towards the south-west, and in 
maintaining that direction, glides along that chain of mountains, some 
of them submarine, others on the shore. Having passed Madagascar, 
it turns towards Africa, dashes against that continent, and sweeps, 
with great violence, the shores of Natal. At the point where the 
African coast, turning to the west, ceases to present an obstacle to the 
progress of the water, the current loses all its impetuosity, and min- 
gles with the general motion of the Ethiopean Ocean. 

The principal current, or great mass of waters, towards the Maldive 
Islands, turns to the south-west ; but the more superficial currents, 
and most variable ones, continue their course from east to west ; that 
is, towards the Gulf of Arabia and the coasts of Zanguebar. Tliose 
are the currents, which, setting towards the south-west, render the 
Mozambique Channel so difficult to navigate, and which has given 
the name of Cape Corrientes to the cape, upon the coast of Inham- 
bane. They re-unite, at the bottom of this cape, with the perpetual 
current. We will remark here, that in- general, the currents which 
do not extend to a great depth under the level of the waters, are 
liable to change with the winds, particularly when they blow for 
a long time together in one direction, with an equal and constant 
feroe, as the monsoons do. These are the winds which give, by turns, 
opposite directions to the currents which prevail from the Maldive 
Islands to Arabia and Zanguebar. The shallows and rocks with 
which these parts are strewed, equally contribute to produce the same 
effect. The northern current which runs along the Island of Sumatra 
impels one of its branches through the Straits of Sunda. This cur- 
rent, according to some authors, is the same which La Perouse found 
to be of such strength, in the Sea of Japan and in the Channels of 
Tartary ; but these currents appear to vary with the monsoons, and 
to have no connection with each other. All the southern and north- 
em currents that we observe along the eastern coasts of the conti- 
nents, are only necessary continuations of the general motion of the 
ocean towards the west ; the waters impelled by this motion towards 
the eastern coasts of two continents, and finding no outlet, must, with 
much force, flow along the coasts, in a southern or northern direction, 
as local circumstances determine them. In Bhering's Straits the 
polar current, which brings the ice from the Polar Seas to the envi- 
roDA of Kamschatka, is distinctly felt 
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§ XXn. CURRKNTS OF THE AtLANTIO. 

The form of this basin, (whose length is much greater t&ta i(i 
breadth,) in a great measure, determines its currents. The first cw 
. rent which we notice is that which carries forward the waters irom 
tlie Ethiopian Ocean along the coasts of Brazil, and through the 
Straits of Magellan, into the Pacific Ocean. This course is conform- 
able to the general progress of the ocean. 

The most celebrated perpetual current of the Atlantic Ocean, is 
that which commences on this side of Cape St Augustin, in Brazil, 
and extends towards the east«3rn coasts of America. It is extremely 
rapid, and is felt in all the extent of sea over which the Antilles are 
scattered. This current is only the result of the general motion of 
the Atlantic towards the west, and is only a part of the great tro]»* 
cftl current. It prevails between the 30^ of northern and 10^ of 
southern latitude. 

Upon the western coasts of AfricJi, there exists a current direcdy 
contrary to the preceding, which is neither lass rapid, nor less steady. 
, Ships, if they approach too near these coasts, are drawn into the 
Gulf of Guinea, and Avitli difficulty extricate themselves. No ade- 
quate cause can be assigned for this singular current Some anthon 
imagine that there are two currents in the Atlantic Ocean, one at the 
surface, and the other at the bottom ; and that it is this latter whidi 
brings the waters towards Africa : but such an explanation is inad- 
missible, from the well-known fact of the general motion of the seas, 
which is not superficial, but which pervades the whole mass. It is 
more probable, that the current in cjuestion comes from the Straits of 
Gibraltar, along the coast of Afi-ica only, w^here the waters have not 
acquired all the velocity of the genenil motion ; but we can affirm 
nothing with certainty on the subject 

A third very celebrated current, is that by which the waters of the 
Atlantic are carried violently into the Gulf of Mexico, and dischaiging 
themselves through the Channel of Bahama, run with great velocity 
towards the north, or rather north-east. This current is well known 
under the name of the Gulf Stream. It follows the coasts of the 
United States, becoming wider, and at the same time slower. A 
zone of 140 leagues, separates it from the equatorial current Hie 
equatorial current impels the waters of the Atlantic Ocean towards 
tlie Mosquito shore, and coast of Honduras, in the Caribbean Sea. 
The new continent opposes this current; the waters flow to tibe 
north-west, and passing into the Gulf of Mexico, by the strait which 
is formed by Cape Yucatan or Catoche, and Cape St Antonio, in 
Cuba, they follow the windings of th^ American coast to -the Shal- 
/pHv, west of the southern extremity of Florida. Vosxl tiha QMiseot 
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toms again to the north, flowing into the Bahama Channel. In the 
month of May, 1804, Von Humboldt observed in it a rapidity of 
five feet in a second, though the north wind blew violently. lionnd 
the coast of Cape Canaveral, the current flows to the north, and 
its rapidity is sometimes five nautical miles an hour. This cur- 
rent is known by the elevated temperature of its waters, their great 
saltness, their indigo-blue color, the train of sea-weed which covers 
thdr surface, and by the heat of the suiTounding atmosphere, which 
is very perceptible in winter. Its rapidity diminishes towards the 
north, and at the same time its breadth increases. Near the Bahama 
bank, the breadth is 15 leagues; in lat. 28^ 30' N. it is 17 leagues, 
and under the parallel of Chai'leston, from 40 to 50 leagues. To the 
east of the port of Boston, and under the meridian of Halifax, it is 
80 marine leagues in breadth. There it suddenly turns to the east, 
and touches the southern extremity of the great Bank of Newfound- 
land. 

The waters of this bank have a temperature of from 48° to 60^ 
Fahrenheit. The waters of the bank are 10^ 9' colder than those of 
the ocean, and these are 5^ 4' colder than those of the current. 
From the Bank of Newfoundland to the Azores, the Gulf Stream 
flows to the east or e^ast-south-east The waters preserve, even there, 
a part of the impulfio received in the Strait of Florida. Under the 
meridian of the islands of Coroo, and Flores, the current has a 
breadth of 160 leagues. In lat. 33"^ the equatorial current approaches 
very near the Gulf Stream. From, the Azores, the current flows 
towards Gibraltar, the island of Madeira, and tho Canaries. South 
of that island, it flows to the south-east and south-south-east, towards 
the coast of Africa. In lat. 25"^ and 26^ it flows flrst south, then 
8oath-west ; Cape Blanc appears to influence this direction, and in 
ite latitude the waters mingle vrith the great current of the tropics. 
Blagden, Benjamin Franklin, and Jonathan Williams, first made 
known the elevated temperature of the Gulf Stream, and the cold- 
ness of the Shallows, where the lower strata unites with the upper, 
upon the borders or edges of the Bank of Newfoundland. 

The Gulf Stream changes its direction and place, according to the 
season. Its force, and its direction, are modified in high latitudes, by 
the variable winds of the temperate zones, and the collection of ioe 
proceeding fix>m the Arctic regions. A drop of water of the current, 
would take two years and ten months to return to the place whence 
it departs. A boat, not acted on by the wind, would go from the 
Canaries to the coast of Caraccas, in thirteen months ; in ten months, 
it would make the tour of the Gulf of Mexico ; and in forty or fifty 
days, would go from Florida to the Bank of Newfoundland. 

The Gulf Stream famished to Christo][feeT Co\\XTfttev\&^ \xiiSvca^C8o& 
ef the exkteDco of land to ilio west This cuneiillisA Qa3rev5A.\x!^«o^ 
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the Azores the bodies of two men of an unknown race, and pieces of 
bamboo of enormous size. In lat 45^ or 50°, near Bonnet Flamand, 
an arm of the Gulf Stream flows frorii the south-west to the north- 
east, towards the coast of Europe. It deposits upon the coasts of 
Ireland and Norway, trees and fruits belonging to the torrid zone. 
Bemains of a vessel burnt at Jamaica, were found on the coast of 
Scotland. 

The causes of these currents are very numerous. The waters may 
be put in motion by an external impulse — by a difference of heat 
and saltness — by the inequality of evaporation in diflferent latitudes, 
and by the change in the pressure, at different points of the surj^use 
of the ocean. 

Such masses of water flowing constantly from the torrid zone 
towards the North Pole, and at any given latitude, heated many de- 
grees above the temperature of the adjoining ocean, must exert 
great influence on the atmosphere. An interesting table, in Darby's 
View of the United States, (Philadelphia, 1828, page 364,) shows 
this influence in a striking manner. At the same time, the polar 
currents flowing towards the equator, exert a beneficial influence in 
cooling the warm regions of the earth. 



§ XXm. COMFOSITIOK AND PROPERTIES OF PuRE WaTER. 

Water, in its pure state, is a transparent fluid, without color or 
smelL It presents itself under three forms : as a soHd, when it is 
ice, as a liquid, called water, and as a vapor, in which form it is 
tenned steam, or atmospheric gas. Water, in a state of purity, 
contains by weight, 88.90 parts of oxygen combined with 11.16 parts 
of hydrogen gas ; by volume, it is 2 measures of hydrogen to 1 of 
oxygen. But we seldom find water perfectly pure, as it generally 
holds in solution siliceous, calcareous, and metallic particles, aoids, 
and sulphur.- It is 815 times heavier than air, weighing 1000 
ounces per cubic foot. 

Its agency is concerned in all the great operations of nature ; and 
it is in(£spensable to the support of vegetable and animal hfe. Like 
most other substances, water expands by heat, and contracts by cold ; 
but there is a striking exception to this when its temperature is be- 
tween its freezing point (32^) and 40°, which is its point of greatest 
density : for as it cools from 40° to the freezing point, it expands, and 
becomes Hghter, so that ice always forms on the surface, whereas if 
it regularly contracted down to tiie point of congelation, as all othei 
substances do, ice would always form at the bottom ; and all the 
temperate and frigid regions of the world would become quite barren 
Mad luunbabitMef owing to the permanent crust of ioe that would 
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ftyrm immecliately below the surface of the lands and watei 
w extremely elastic, and a good conductor of sound ; but it 
bad conductor of heat, and of electricity of low tension. 

Although the temperature of 32^ is called the freezing po 
wster, it is only in favorable circumstances that it freezes at so . 
a temperature. If kept quite still in a perfectly round and smoi 
vessel, it may be cooled much lower without freezing. But ic. 
always begins to melt at 32°. Under the ordinary pressure of the 
atmosphere, at the sea level, water boils at 212° ; but as the at- 
mospheric pressure is diminished, the boiling point becomes lower, 
so that under the exhausted receiver of an air-pump, it can be made 
to boil while it is freezing. Below the sea level, as in some mines, 
the boiling point exceeds 212°. 

Congelation commences in the form of prismatic. crystals, crossing 
each other at angles of 60^, or 120 \ and the temperature, however 
low before, instantly rises to 32°. During this process the water 
expands with prodigious force, the volume suddenly increasing about 
a ninth part Glass bottles filled with water and properly stopped, 
are burst during congelation, and the same has happened to a strong 
bomb-shell. Water passes into vapor at all temperatures, and under 
any pressure. When the elasticity of the vapor equals, or exceeds 
the incumbent pressure, the process proceeds with violence, and is 
called boiling. 

The relations of water to heat are very remarkable. With the 
exception of hydrogen gas, it absorbs more heat in warming, and 
parts with more in cooling, than other bodies do. Hence, large 
bodies of water have a powerful influence in checking or retarding 
sadden alterations of temperature in the surrounding air. Ice, in 
melting, absorbs as much heat as would raise its temperature 140°, 
and gives out the hke quantity again in the act of freezing, a prop- 
erty which enables it to resist or retard sudden alterations of 
temperature in cold cKmates, in a very remarkable degree. In as- 
suming the gaseous form, it absorbs heat sufficient to raise its tem- 
perature 1000°, and parts with as much during the act of re-con- 
densing into water ; hence, it possesses an almost boundless influence 
in tempering climate. These properties enable us to understand why 
oountries remote from the sea, like Central Asia, have climates re- 
markable at once for the heat of summer and the cold of winter, 
while the isles of the ocean are noted for an equable dimato. 



§ XXIV.— Springs. 

Springs are so manj Lttle reservoirs, wlndi T«»vTft ^'^vx ^^^^eta^ 
wa tl^ neigbbonDg grovmd through small latetalL caaaJ^^sA^*^^ 
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f3 Hiiaed by evaporation descend in tiii 
, or bail, and form a permanent supply for th«e leservoj 
.parently humble sources produce the extensive lukea ' ' 
lid among mountains, and the terrific glaciers wliii^i ut 

lie opinion of the ancients, tmd of Descartes, who attribnted. 

gin of springs to the filtration of sea water, is noiv uaif 
Reeled by men of sdencc, who have traced them all to tha 
■ which lall from the atmosphere. 

It was formerly thought that rain-water did not penetiite to 
great depth in the earth, hut was entirely absorbed by Hut 

strata of the soil, and that it fell in too small quantitie§ to h» 

either torrents or rivers. But it has been found to flow rapidly 
through the interstices and cracks of the upper strata, and dora not 
stop until it arrives at the clayey part of the soils, which is the 
terininatJon of its filtering, and forms its natural reservoirs. Obaqr-. 
vation has also proved that rain.-wat«r filters down to very 
dBptbs. In the coal mines of Auvergne it has been seen to 
trato as far as 250 feet below the surface; and in Misnia, a d 
of Sajtony, it liaa been known to distil in drops from the roof of 
mine 1,600 feet deep. The snows in some countries prodooe a 
greater quantity of running water than riua or dews. But in order 
to undeistand bow much the slow, and gentle, but nniiiterrupted 
influence of these latter agents contribute to the formation of 
springs, we have otdy to consider Apulia and other peninsulas 
almost destitute of running water, because their mountains do not 
constitute a mass sufficient either from their elevation, or bulk, to 
attract or retain the aqueous vapors of the atmosphere. 

On the principle that it is from the sea the atmoephere obtains 
most of its water, it is easy to espliun why the interior of many 

r:at continents, like Africa and Asia, contains such barren deserts. 
North and South America are more abundantly watered, they 
owe it to the extent and elevation of their mountains, as well aa 
the continuity of then- decUvities. The water which circulates on 
the surfcce of the globe has generally no other principle of 
than ite own specific gravity and the decUvity of the earth, 
this dechvity that carries it from mountain to mountain, from 
to valley, until it iidls into the basin of the ocean. 

The spouting springs, which sometimes form natural jets of water,'- 
foUow the same rides of equilibrium as the others, except that the 
canals which fiirmsh thcra with water come from great elevationa 
Md with ft rapid descent. Waters thus carried into a aubterraneouA 
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nrriEBMiiTc^o, subtsbranboub and marine springs. 4$ 

leservoir, being closely oonfinecl, buret forth in consequence of the 
pressure, just like the fountains which adorn our gardens. 



§ XXV. — ^Periodical, or iNTERMrrriNO Springs. 

The intermitting fountains, particularly such as rise and fell at 
regular periods, so excited the wonder of observers that they gave 
them the name of Miraculous Fountains. The periodical fountain 
of Como, in Italy, has been described by Pliny. It rises and ffdLs 
every hour. There is another in the town of Golmars, in Provence, 
which rises and falls every hour. There is another at Fronzanches, 
in Languedoc, which rises every day fifty minutes later than the 

? receding day. The round fountain on the road from Pontarlier to 
'ouillon, in Franche Compte, rises with a boiling appearance. The 
Butterhom, in Westphalia, tises with a great noise. Near Brest 
there is a well, 75 miles from the sea, which sinks with the flow, and 
rises with the ebbings of the sea. England ftimishes many examples 
of these springs, particularly one near Tor Bay, in Devonshire, and 
one at Buxton, in Derbyshire. According to Gruner, there is one at 
Engerllez, in the Canton of Berne, which has a double intermission, 
daily, and annually. 

These springs are accounted for by supposing, that in lands where 
they are situated, there are reservoirs, with conducting pipes in the 
form of syphons. The water begins to flow through the syphon as 
soon as the surface in which one end of the tube is placed, is on a 
level with ihe bend or highest part ; and the flowing continues as 
long as the fluid keeps above the orifice of the branch inserted into 
it. The moment the orifice ceases to be immersed in the liquid, the 
flowing ceases ; and it does not begin again till the reser\'oir is filled 
to the level of the bend. With respect to the reservoirs which 
supply these fountains, drought, rain, and the melting of snow, may 
80 aflect tbem as to render their periodical return more or less regular. 
The connection subsisting between the greater or less humidity of 
tibe atmosphere and the reservoirs of intermitting fonntains, justifies, 
to a certain degree, the conjectures which are sometimes formed from 
the movements of these springs, as to the nature of the approaching 
seasons, conjectures which have given to some of them the names of 
Fountain of Dearth and Fountain of Plenty. 



§ XXVI. — Subterraneous and Marine Springs. 

Many channels of water, not finding any otlieT sMafcaXAft o\5flL<iV^Qi^ 
into subtenaDeom cavjtia% are absorbed by tliQ eai\H\ ci>t ^>a53Qax^^ 
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themselves below the ^ound, into the sea. This is the ori^ of 
those springs of fresh water that are to be seen spouting up, even in 
the midst of the waves of the ocean. These sometimes furnish the 
mariner with fresh wator. In other j^laces, they do not come to the 
surface, but atFord their fresh water only to divers. Many of those 
springs do not differ essentially from common springs. That m 
reservoir of water should find an outlet below the level of the sea, k 
not in reahty more surprising than that it should find an outlet 
above that leveL Hence, the surprise excited by seeing fresh water 
bubbling up from the bottom of the sea, amidst the briny waves, 
is to be attributed to its novelty, and the thoughtlessness of the be- 
holders. Submarine springs are, in all probability, exceedingly 
numerous ; but it is only in certain circumstances that they are likely 
to be discovered ; and hence the number of those that are knowii| 
probably bears only a small proportion to the whole. To the dass 
of subterraneous springs may be referrvl those which rise in caverns : 
these delight us by their picturesqueness, and the many poetioal 
associations to which they give rise. 



§ XXVn. — ^HoT Springs. 

Hot springs are those whose waters are warmer than the mean 
temperature of the place. Such as are merely tepid, are conmion in 
most countries, especially near or within mines. Those having a 
considerably higher temperature, are less frequently met with, and 
mostly in volcanic districts. Some of these reach the boiling point, 
spouting forth with great violence, actually boiling, which indicates 
their having had a still -higher temperature before they found vent. 
The most remarkable are the hot springs of Iceland. 

Although the hot springs of this country are more abimdant than 
in any other region, the interest which their number and variety ex- 
cites, is lost in the feelings which arise on beholding the magnificent 
and tremendous explosions of the great Geyser and its counterparts. 
Besides the larg^ fountains, there is a great number of boiling springs, 
cavities full of hot water, and several from which steam issues. 
There are also some places full of boiUng mud, of gray and red. 
colors. The siliceous depasitions of the waters of the great Greyser 
have foi-med for it a basin 56 feet in diameter, in one direction, and 
46 in another, (a projection from one side causing it to deviate from 
a perfect circle,) with a dei)th of 75 feet. In the centre of this basin, 
is a cylindrical pit, or sliaft, 10 feet in diameter. Through this the 
hot water rises, gradually filling it and iUso the basin, and runs over 
in small qwrnUdes, At intervals of some ho\iis^ >N\i^n. thA bsaui ia 
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fall, explocdons are heard from below, like the report of distant can- 
non, and at the same moment a tremendous motion of the ground 
is felt all around the basin. Immediately the water rises in a mass 
from the pit, and, sinking again, causes the water in the basin to be 
agitated and to overflow. Another, and a stronger propulsion fol- 
lows, and clouds of vapor ascend. At length strong explosions take 
place, and large quantities of steam escaping, the water is thrown to 
a height of from 80 to 90 feet, and even to 200 or 300 feet. The 
steam, coming into contact with the cold atmosphere of that cHmate, 
is condensed into thick clouds, which are tossed and rolled about, 
forming a magnificent exhibition. The explosions cease after some 
time, and then the basin and pit are found empty. Bursts of steam 
sometimes take place, when the water is rising, without any warning 
by subterraneous noise. These phenomena seem to be occasioned by 
steam, finding its way from below into cavities, where part of it is 
condensed into water, which is forced out by the action of the steam 
under high pressure. The temperature of the Great Geyser is some- 
times as high as 260^. 

The new Geyser is smaller than the other, and called Little Chyser. 
There are many hot springs in Iceland, but that of the Tunghaer is 
the most curious of all. Among a great number of boiling springs 
are two cavities within a yard of each other, from which the water 
spouts alternately. While from one the water is thrown about 10 
feet high, in a narrow jet, the other cavity is full of water boiling 
violentfy. This jet continues four or five minutes, and then subsides, 
when the water of the other immediately rises in a thicker column, 
to the heiffht of three or four feet. This lasts about 3 minutes, 
when it sill, and the other rises ; and so on. Some springs emit in^ 
flammable matter, which bums hke ardent spirits, on the application 
of a light. This generally arises from naphtha, or petroleum, floating 
on the surface. 

It has been observed, that the greatest r.umber of hot and warm 
springs occur in volcanic countries, where volcanoes were formerly, 
or are still in a state of activity. Of those that do not occur in vol- 
canic districts, some are associated with trap and granite rocks, to 
which geologists assign an igneous origin. Ilence, it is inferred, that 
such springs owe their temperature to the same causes which give 
rise to volcanic and igneous rocks. That the heat of such springs is 
often connected with volcanic action, cannot admit of doubt ; for, 
from the Geyser of Iceland, the transition is almost uninterrupted to 
the hot springs, in the dormant volcano, in the Island of Ischia. 
The hot and warm springs of Bath and Bristol, however, occur in a 
limestone country, where no igneous rocks are visible ; \jut these ma^ 
lie tinder the Yxmestone. This opinion Is further <io\Kv\ft\\«»S!fc^^\j^ 
&e &et, that wany of the hot springs met witti tdl '^toxm&n^, ^ssA 
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also in secondary formations, occur in spots where the strata ap[^ 
to have been disturbed by i^jjnc^us a^viicy. Of tliis there is a stii 
ing example in the hot springs of Carlsbad in Bohemia. The h 
springs of Chfton, in England, issue i'n>in a limestone, which appefl 
to have been disturbed at an early period by igneous action. T] 
hot spriilgs of Pfeffers, in the Grisons, gush from a ravine, from 4< 
to 654 feet in deptli, and so perpendicular, that the provisions i 
quired for the inmates of the bath, aie lowered from ropes attadu 
to thQ summit of the cliff, and so naiTow, that the rocks, in bqxi 
places, touch overhead, and nowhere, perhaps, are more tlian 30 fe 
apart The most obvious explanation of this phenomenon is to 1 
found in some convulsion of nature, such as that caused by an eart 
quake,, pr the sudden elevation of a large tract of country. 

The other hot spi-ings in Switzerland appear in similar circm 
lliances. Those of Weissenburg, in Berne, rise out of a gorge, Iji 
that of Pfeffers ; those of Loueehi appear at the foot of the miff 
precipice of Genuni ; while the spiing of Baden, in Argovia, fipqi 
which that of Schiuezath is not far removed, hes near the point whf 
the two mountains of Staffelegg and Lagern have been severed \ 
some great convulsion. 



TABLE OF THE PRINCIPAL HOT SPRINGS. 

Name. Country. Temperature. 

San Pedro, Portugal, 154° 

Chaves', " , 142° 

Vic, France, 212* 

Plombieres, " 154* 

Vichy, " 115^ 

Bourbons Les Bains, " 156° 

Boiurbon L'Archambaud, " 140° 

Ghaudes Aigues, " 190° 

TepUtz, Austria, 113° 

Carlsbad, " 165° 

Wiesbadeu, Nassau,- 158* 

Aix La Chapelle, Prussia, 136* 

Baden, Baden, 154* 

Rscarelli, Naples, 200* 

Gre3rser, Iceland, 212* 

Buxton, England, 82< 

Bristol, " 74° 

Bath, ' " mo 



5° 

[° 

:0 



1° 



SLMichae; Azores, 208*^ 

Hot Springs, Arkansas, ..... 212° 



Name. 

Hot Springs, 
Warm Springs, 
Sweet Springs, 
Sans Soud, 
Chichimaquillo, 
St Luda, 
Eanx Bouilli, 
Puoto, 
Trindieras, 
Cuen^a, 



MINERAL SPBINOS. 
Ck>imtry. 

Virginia, . . 
North Carolina, 
Virginia, . 
New York, 
Mexico, 
West Indies, 
Martinique, 
Venezuela, 
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Ecuador, 



Temperature. 

. 112° 

. 104° 

. ^3° 

. 60° 

. 206° 

. 203° 

. 131° 

. 112° 

. 195° 

. 162° 



§ XXVni. — ^Mineral Springs. 

Springs in their course through the earth often dissolve minerals ; 
and thus produce a great variety of mineral springs. Thes^ contain 
MltB, earths, acids, metals, and inflammahle matters, the ingredients 
depending on the nature of the materials with which they come in 
contact. The quantity of mineral matter brought from the interior 
of the earth by springs is very great. 

Even some calcareous springs in Britain deposit annually vast 
quantities of calcareous tufa and sinter. In the neighborhood of 
Edinburgh, there are great calcareous deposits, from calcareous 
springs, that now flow through limestone rocks, and appearances of 
the same kind abound around all the calcareous springs in England. 
Near Clermont, in France, some calcareous springs rise through 
rocks of granite and gneiss, and have formed a hill 240 feet high. 
Many of the great edifices in Rome, are built of calcareous deposits 
of this kind. The hot springs of Iceland and the Azores annually 
deposit great quantities of sihca. Salt springs also bring from the 
interior of the earth, and spread over their vicinity much salt, which 
may be derived from the saline clays and salt beds through which 
they pa<js ; or may come from a great depth as an igneous production. 

Mineral waters are unfit for common use, their ingredients giving 
them a sensible flavor, and a specific action upon the animal economy. 
They are very various, both in their composition and temperature, 
and in their effect upon the system ; and are generally so far im- 
pregnated with acid or saline bodies, as to derive from them their 
peculiaritieB. They are commonly divided into four classes, — 
acidulous or carbonated, sahne, chalybeate or ferruginous, and sul- 
phureous. With regard to temperature, they are also divided into 
warm, or thermal, and cold. The substances which have been 
foimd in mineral waters are very numerous ; but those which most 
frequently occur, are oxygen, nitrogen, caibon, axii ^xi^^xa^ \s3l 
daS&rent oombiaatiom ; iiine, iron, and magnesia. 

3 
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Mineral waters are sometimes produced in the laboratories of 
chemists, either by a combination of the same ingredients, so as to 
imitate natural waters, or by producing different combinations, so 
as to form compounds not known to exist in nature. 

The saline springs consist in general of salts of soda and lime, orr 
of magnesia and lime, with carbonic acid, and oxide of iron. The 
principal saline springs are those of P3rrmont, Seidlitz, and Epsom. 

The chalybeate or ferruginous waters have a decided styptic taste, 
and are turned black by an infusion of gall-nuts. Their principal 
mineral is iron, either in the state of an oxide, held m solution by 
carbonic acid, or as a sulphate, although sometimes it is found in 
both forms in the same water. The waters of Vichy, Spa, Forges, 
Passy, Cheltenham, and Tunbridge, in Europe, and Bedford, Pitts- 
burg, and Yellow Springs, in the United States of America, are the 
most celebrated of this class. 

The acidulous waters are characterized by an acid taste, and by 
the disengagement of fixed air. They contain five or six times 
their volume of carbonic acid gas. The principal salts which they 
contain are hydrochlorates and carbonates of hme and magnesia^ 
and carbonate and sulphate of iron. The waters of Bath, Buxton, 
Bristol, Vichy, Seltz, and New Lebanon, are among the most noted 
of this kind. 

The sulphureous waters are easily recognized by their disagree- 
able smell and their property of tarnishing silver and copper. The 
springs at Saratoga, Ballston, Harrowgate, Moffatt, Aix La Chapelle, 
and Aix, are the most celebrated of this class. 

When springs contain a great quantity of carbonic acid, they be- 
come more grateful to the taste ; and when iron is present, as is 
sometimes the case, they become tonic and stimulant in their effects. 

The exact chemical composition of mineral waters is not easily 
ascertained, as it is frequently very difficult to determine whether a 
certain product is not the result of the steps employed during the 
analysis. 



§ XXIX. — Origin of Springs. 

There are many theories respecting the origin of springs, most 
of which differ in their deductions and principles, but the only one 
which seems to be rational and consistent with fiicts is that of Dr. 
Halley, who maintains that springs are nothing more than a part 
of the water which falls on higher ground, filtrating through, and 
afterwards issuing forth at a lower level. The water at first collects in 
large subterraneous cavities, from which it afterwards filtrates slowly, 
and passes towards the springs. The disposition of the rocks, m 
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strata, contributes much to the collecting of the waters under the 
sur&oe, and conveying them without waste, as if in close pipes, till 
they are united in fountains, lakes, and rivers. Dr. Halley showed 
that the evaporation of the sea alone is a sufficient supply tor all the 
waters that the rivers carry into it. But his calculations are com- 
plex. Bufton took a more simple view of the matter by selecting 
one of those lakes that send out no stream to the ocean, and show- 
ing that the probable evaporation from the surface of the lake is 
Xal to all the water carried into it The internal reservoirs from 
ch springs are supplied, are, in many cases, derived from the 
water which the earth absorbs from rains and melted snow. From 
these reservoirs, the water flows out by minute fissures in the sides 
ci the hills. When we see springs rising up in plains, the water 
flows under ground from distant elevations, and rises, owing to the 
tendency of a liquid to find its level. We never find a spring on 
the top of a mountain, nor in any place except where there is higher 
ground from which it may flow ; and when we remember that the 
annual fall of rain varies little from year to year, we can readily see 
why springs should be perenniaL 



§ XXX. — Glaciers. 

Glaciers consist of snow which has been partly melted and after- 
wards frozen. Snows accumulate on mountain tops and in elevated 
valleys for whole centuries, being compressed and consolidated by 
alternate thaws and frosts, till they assume the appearance of im- 
mense fields of ice. Thus are formed those wide expanses of frozen 
gnow which cover whole mountains. The high valleys are filled at 
the same time, partly with snow which falls there, partly with the 
icy waters which flow from the snowy summits, and consolidate these 
snows, and partly with the avalanches which roll from the overhang- 
ing summits. These masses seem, in several instances, to have been 
increasing for a long series of years. In Switzerland they have 
filled up whole valleys, buried villages, and closed up passes. But 
the diminution produced on the lower side by the heat of summer, 
usually compensates for the increase which they receive on the upper, 
A few warm seasons are sufficient to re-establish the equilibrium. 

The scenes which these bodies of ice exhibit are as varied as their 
extent, agji as beautiful and grand as imagination can conceive. At 
one time they resemble a great mass of waves ; at another, these 
inequalities disappear, and leave nothing to the eye of the aston- 
ished traveller but an immense mirror of polished ice. Here they 
exhibit superb portals of crystal, and there brilHant spires of sijatkr 
ling gems. In other places avalanches glide oveT a &<&\di cA \^^ ^si^ 
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then stop, and reflecting the rays of the sun, display dazzling forma 
of towering pyramids and obelisks. 

Glaciers are of evSsenlial ser\ice in fumisliing water to the sur- 
rounding lands; for without this congt^lation iit would be. at once 
precipitated with impetuosit}' from the mountains, so as to overflow 
and devastate those countries which it now fertilizes, and leave them 
afterwards to suffer from protracted droughts. But the cold converts 
the water into snow and ice, and thus holds it suspended on the 
sides of the mountains, to supply unfailing and abundant streams, 
oozing from the base of these enormous masses, or from the bosom 
of their crystal grottoes. 

The position of the snow line, or hmit of perpetual snow, depends 
so much upon variable causes, such as the form of the summits, the 
comparative altitude and })hysical features of the surrounding country; 
the particular exposure of the mountains, etc., that no general rule 
can be given for determining it in any given latitude. 

The ice of the glaciers is different from that of sea and river water. 
It is not formed in layers, but consists of httle grains of congealed 
snow ; and hence, tliough i)erfectly clear, and often smooth, it is not 
transparent. Its fracture is not radiated like that of sea ice, but 
granular. In the numerous fissures, it has a green hue near the sur- 
fece, and at the bottom a blue tinge. Along the edges of the gla- 
ciers are generally found moraines. These are an accumulation of 
earth and stones, which is often several fathoms high, and in sum- 
mer present the appearance of bottomless morasses, producing no 
vegetation. It is probable that these moraines are produced by the 
avalanche of the glaciers, which roll before them, as they advance^ 
every obstacle that impedes their progress. 

The great ice fields, during the summer, slide lower down into the 
valleys, where they are partially melted by the warmer temperature. 
In Lapland, where the sun has less ]X)wer, glaciers slide down into th^ 
lower parts of the valleys, and render the air so cool that the lin^ 
of perpetual snow extends as low as 3,000 feet above the level of tlio 
sea. The descent of a glacier is greater or less according to its de- 
clination. This is shown by the changes in the position of largo 
masses of rock around it, which are evidently pushed along by its 
edge. In Switzerland, stones have been found thus pushed fonvard 
25 feet in one year. Stones of considerable bulk are also seen in 
the moraines, of an entirely different formation from those of the 
valley, and must therefore have been pushed down from the higher 
regions in the course of time. 

As glaciers, in some positions, and in hot summers, decrease, so 

they often also increase for a number of years, to such an extent as 

to render a valley uninhabitible. Their increase is caused chiefly by 

alternate thawing and freezing, since water e-s^aw^ ^<i;i\\^ va. \hft 
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act of free2ing, and the hollows in the mass are frequently filled up 
by rains or melted snows before the next frost. 

Avalanches are nothing but fragments of glaciers which have been 
broken off owing to- the steepness of the slope down which it is 
moving, or to its being extended over the edge of a precipice. They 
are sometimes so large as to destroy several villages. Sometimes 
they carry stones and earth with them as they roll along. When a 
glacier breaks, it often produces a noise like thunder. The fissures 
often deceive the traveller by being covered with snow. 

In the Tyrol, in Switzerland, Piedmont, and Savoy, the glaciers 
are so numerous that they have been calculated to form altogether a 
superficial extent of 1,484 square miles. There are glaciers in Savoy 
more than 14 miles long, 2 miles wide, and from 60 to 600 feet 
thick. One of the most famous glaciers, is the Mer de Glace, or 
Sea of Ice, in the valley of Chamouni, 5,700 feet above the level of 
the sea. In France, near Beaume, and in the Carpathian Mountains, 
near Dsehtz, are glaciers which never melt, because they are so 
situated that the sun cannot act upon them. No glaciers are found 
in many elevated and snowy regions between the tropics, because 
the temperature continues the same during the whole year. 



§ XXXI. — Origin and Course of Rivers. 

Tlie effusion of springs, and the Sowings of melted ice, form little 
currents, more or less gentle, which are termed rivulets. The water 
of heavy rains often produces more impetuous streams, which some- 
times fiUTow the sides of the mountains. The union of these stream- 
lets forms brooks, which, following the declivity of the ground, unite 
most frequently in a great stream, which takes the name of river, 
and which conveys the collected waters to the ocean. The declivities 
whence flow the streams which discharge themselves into one partic- 
ular river, are called the bdsin of that river. The biisins of two 
rivers are frequently contiguous; those of the Orinoco, and the 
Amazon, are actually united by the Cassiquiari, and some others. In 
Europe, the sources of the Duna, Nieraen, and Borysthenes, nearly 
meet together in a marshy plain. Geology has been much employed 
in investigating the subject of basins. In general, the mineral bods 
and petrifications of the same basin present a certain analogy. The 
elevation of the sources determines the amount of the declivity of 
streams, and this latter circumstance modifies their course, rendering 
it nmid or gentle, regular or meandering. 

Most of the large rivers originate in mountain ranges \ \y^ \3s»s> Ss» 
by no means uniform]/ the case. In the centre oi E.\iT0\v^axv^\5&i\^ 
br example, several of the largest rivers in Europe on^\vaX*i, X^\ 
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there are no mountains around their sources. Between the sources 
of the Xiemen and the Duna, on one side, and those of the Dnieper 
and the Dniester, on the other, there is no sensible elevation ; and, 
instead of the mountains laid down there by some geographers, there 
is only a marshy plain. Sometimes, as a river advances, the sur- 
rounding country rises, instead of declining. Thas the Dnieper flows 
through a deep fissure or glen, through a country more elevated than 
the marsh in which it rises ; and the Niemen passes round some hills 
still more elevated,, although its source is on a level with that of the 
Dnieper. 

The beds of rivers are the lowest chasms formed by the same 
revolution which produced the mountains. The streams evidently 
bring down portions of the soil from the sides of the mountiuns, and 
form, by their sediments or settlings, those horizontal plains which 
occupy the bottom of certain valleys ; but a river could never, by its 
own force, have opened to itself a passage through solid rocks, similar 
to those which border on the Upper Rhine : it must first have found 
the outline of its course deeply marked out. 

Running waters unceasingly wear away their beds and banks, in 
places where the decli\ity is very rapid ; they hollow out and deepen 
their channels in mountains composed of rocks of a moderate hard- 
ness ; they draw along stones, and form accumulations of them, in 
the lower part of their course ; and their beds are often elevated in 
the plains, while they are deepened and depressed in the mountains. 
These changes, going on for thousands of years, could only give fiwin 
to the banks of rivers, but did not create them. 

It is only the sloping of the land, which can at first cause rivers to 
flow ; but an impulse having been once communicated to the mass, 
the pressure alone of the water will keep it in motion, even where 
there is no declivity. Many great rivers flow with an imperceptible 
dechvity. The river of the Amazons has only 10-J feet of declivity, 
upon 200 leagues' extent of water ; making -Jx of an inch for eveiy 
1,000 feet. The Seine, between Valvins and Sevres, has oidy 1 foot 
decli\'ity out of 6,600 ; the Loire, between Donilly and Briare, 1 
foot in 75,000. Hence, we see the reason why one river may receive 
another nearly as large as itself, without any great enlargement of 
its bed. The increase of its quantity, only accelerates its course. 
Sometimes one river, falling into another with great rapidity, and at 
a very acute angle, will force the former to retrace ili course, and 
return for a short space, towards its source. This has happened, 
more than once, to the Rhone, near Geneva. The impetuous Arve, 
coming down from the mountains of Savoy, being swollen beyond 
its asual size, has driven the gentle waters of the Rhone back into 
the lake of Geneva, causing the wheels of mills to revolve back- 
wards. 
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Soroo rivers have no stream whatever, and the cau^e is easily dis- 
covered ; the land, having scarce any declivity, does not impart a 
sufficient impulse to their waters, which are constantly retarded, and 
finally absorbed by the land. Sometimes these river waters are 
evaporated by the heat of the sun — as is the case with some of the 
rivers of Arabia, and Africa ; but they more commonly flow into 
pools, marshes, or salt lakes. Thus, we see that declivities are indis- 
pensable to the course and flow of rivers, which require a gentle, but 
steady impulse, to conduct them to the sea. Some rivers suddenly 
disappear by flowing into subterraneous channels. 

When a river is obstructed in its course by a bank of solid rocks, 
and finds beneath them a stratum of softer materials, its waters wear 
aw^y the softer substance, and thus open for themselves a subterra- 
neous passage, more or less long. Such are the causes which have 
formed the sinking of the Rhone, between Seyesel and L'Ecluse, the 
natural bridge of Veja, near Verona, with an arch of 114 feet ; and 
the magnificent rock bridge in Virginia ; an astonishing vault, unit- 
ing two mountains, which are separated by a ravine of 270 feet in 
depth, through which Cedar Creek flows. It is probable that the 
Ml of a rock has formed theKJ natural bridges, like those of Icononzo, 
in Mexico. In Louisiana, whole forests have been observed to fall on 
a river, covering it over with vegetable earth, and giving rise to a 
natural bridge, which, for Liagues, obscures the course of the river 
from sight. The river Guadiana, in Spain, has its waters scattered 
and filtered in the sandy and marshy grounds, from which they re- 
issue in greater abundance. Many rivers appear to have been at first 
a series of lakes and cataracts alternately, through which the water 
was conveyed from higher to lower ground. The bottoms of these 
lakes wiere gradually filled up with debris, their outlets by degrees 
deepened, or the basins rent through. The lakes, at length, became 
dry plains, traversed by the rivers and the cataracts, clefts, or deep 
ravines ; and the rivers acquired a pretty uniform descent. There are 
traces of these revolutions to be seen in every ])art of the globe. 
The Parallel lloads of Glenrov, in Scotland, are nothins: but horizon- 
tal shelves, which usually surround lakes. From these it appears 
that the valley was formerly the basin of a lake, which is now cut 
through and emptied. Three distinct biisins are discovered in the 
course of the Rhine : first, that of the Lake of Constance ; second, 
that which reaches from Basle to Bingen ; the third, from this to the 
sea. They are separated from each other by rocky straits. In many 
cases the subsidence of the water, at successive stages, can be traced 
from one level to another, by means of the diflerent horizontal shelves 
still visible on the sides of the valleys, as in the case of Glenroy, just 
mentioned. In the valley of the Rhine, Profeasot PX^^^t viiisJCfflL- 

"^ " four or ive terraces, at the suoceswve \ie\^\& oil \wcc&5^ 
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thirty, and forty feet, above one another. The same thing oocurs on 
the banks, in the great chain of North American lakes, not yet empty. 
The larger rivers are, the smaller generally is their fall, or deplivity. 
The reason of this is, that there are few materials of which beds rf 
rivers are formed, that could have resisted the action of a great river, 
having a rapid fall, during the lapse of ages. 



§ XXXn. — Cataracts and Cascades. 

Rivers which descend from primitive mountains into secondary < 
lands, often ^Drm cascades and cataracts. Such are the cataracts of 
the Nile, the Ganges, and some other great rivers, which, according 
to Desmarets, evidently mark the limits of the ancient land. 

The most picturesque falls are those which are made by rajnd 
rivers, bordered by rocks and trees. Sometimes we see a body of 
water, which, before it reaches the bottom of the ravine, is broken 
and dissipated into showers, like the Staubbach. Sometimes it forms 
a watery arch, projected from a rampart rock, under which a person 
may pass dry-shod, as the Falling Spring, in Virginia. In one place, 
we see a river urge on its foaming billows among pointed granitic 
rocks ; in another, amidst lands of a calcareous formation, it rolls down 
majestically from terrace to terrace, and presents occasionally a fine 
liquid mirror, and at other times, a wall of water. 

The elevation or height of cataracts has generally been exagger- 
ated ; that of Tequendama, formed by Rio de Bogota, being only 
estimated at 600 feet by Humboldt, instead of 1,500, which it was 
said to be by Bouguer. The cataract of Staubbach, the highest cata- 
ract known, instead of being 1,100 feet, as travellers have supposed, 
is only 900 by trigonometrical measurement. 

When the gi'ound does not form a steep and almost peipendicular 
bank, but only a very rapid decHvity, and when, at the same time, 
the bed of the river is confined by rocks, the waters acquire by rap- 
id flow an astonishing force. Winterbotham relates, that t£o 
Connecticut River, in the United States, at 40 leagues from its source, 
is so compressed with rocks, that it carries along on its surface pieces 
of lead, as if they were so many corks ; and that notwithstanding 
the utmost efibrts, it is impossible to insert an iron point into its 
waters. 

The small river of Ache in Bavaria, which rises in a cavern of 
the glacier of Mount Tauren, throws itself over an elevation of 
2,000 feet. It has five great falls, the last of which forms a most 
magnificent arch of waters, which is dissolved in spray before it 
reaches the ground. The noise of its waters is heard at a distance 
of more than 3 miles; and the current o£ avt i^xo^ucfc^ Vyj \SakA 
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descent of its waters is so violent that those who attempt to ap- 
proach the gulf are forcibly driven back. The most celebrated iaXL 
m the world is that on the River Niagara, which connects Lake 
Erie with Lake Ontario. The river, just above the falls, is divided 
by Goat Island into two parts ; one, 600 feet broad, ^lls to the 
depth of 150 feet, while the other, 35 yards broad, falls 164 feet, 
perpendicular height. 

In Scotland, the most considerable faUs are those of the River 
Clyde, near Lanark, where the river is precipitated down three 
successive precipices- In the upper fiills, that of Boniton, the river 
throws itself down a precipice 30 feet high ; lower down, at Corra 
Linn, it is precipitated from a height of 84 feet. The lowest fiall, 
that of Stone Byres, consists of three stages, being broken by two 
projecting rocks; its fell is 80 feet. On the river Foyers, near 
Loch Ness, there are two feills, the upper one 40 feet high, the 
lower 90 feet. In the mineralogical report of Lapland, presented 
to the Swedish government, the discoveiy of a great waterfall in the 
river Lattin is particularly mentioned. It is said that this is half a 
mile broad, with a fell of four hundred feet. 

When a river bed suddenly changes its level, so that the stream 
is plui^ed down a considerable distance at once, a cataract, cascade, 
or fell, is formed ; when the change of the level is less abrupt, and 
the inclination is such as to render the current violent and broken, wo 
give it the name of rapids. " Cataracts," says Lamouroux, " must have 
been both more numerous and more lofty in the ancient world than 
they are at present. Tliey are daily diminished, both in number 
and height, by the action of that universal leveller time ; and 
perhaps, in some future age, the catiiracts of the Nile, and the 
Ganges, the Falls of Niagara, and the cascades of Tequendama, 
will be looked upon as a fiction of poetry." Tlie Falls of Niagara 
have been foimd to be gradually receding from Lake Ontario. This 
great body of water is hurled over a ledge of hard hmestone, be- 
low which is a layer of soft shell, which decays and crumbles away, 
so that the superincumbent limestone is left without a foundation, 
and fells from time to time in large masses. The bed of the river, 
below the falls, is strewed over with huge fragments, that have thus 
been detached and plunged into thp abyss. Within the last forty 
years, the falls have receded nearly fifty yards ; and there is little 
doubt that they were once at Queen's Town, about seven miles below 
their actual site. Should they continue to recede at the rate above 
stated, or a little more than one yard annually, it will be 30,000 
years before they reach Lake Erie. 

Some of the most beautiful cataracts have been created, at least 
in part, by human labor. The celebrated CaacaitaL ^^d "^"arcckss^^^^ 
Temi, " which, "says Byron, "is worth all ftie caacat^^es^ axA \ftTt«5i5A 
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.in Switzerland put together," is attributed to a work of Curius Dentft- 
tus (290 B. C.,) who caused the rock to be cut through for the pur- 
pose of draining the marshes and making an outlet for the Velino. 

Some cataracts owe their celebrity to the vast volume of water 
which is poured in an unbroken sheet over a great descent, as with 
the Niagara. Others are remarkable only for the vast height from 
which they fall, whether they plunge down the abyss at a single 
leap, or dash themselves successively from shelf to shelf, till they 
reach the bottom of the precipice. Some, falling in small riband- 
Hke currents over the edge of the rock, are dispersed before they 
reach the ground in small thin spfay, forming glittering showers of 
brilUants or gaudy rainbows ; others, driven forward by the force of 
the current, fall over in a continuous arch, between which and the 
bottom of the ledge from which they have fallen, the mitor may 
.pass ; and yet others are visited and admired chiefly for the pic- 
turesque beauties of their site, the grandeur of the precipices, or 
the gloomy horrors of the deep chasms which surround them. 
" If it be diflicult," says Humboldt, " to describe the beauties of 
cataracts : it is still more difficult to make them felt by the aid 
of the pencil." The impression they leave on the mind of the 
observer depends upon the occurrence of a variety of circumstances. 
The volume of water must depend upon the height of the fall, and 
the scenery around must wear a wild and romantic aspect A 
cataract surrounded by hills produces much less elTect than the 
water-fall which rushes into the deep and narrow valley of the 
Alps and Appenines, or still more of the Andes. Independent of 
the height and body of water, much of the beauty incident to a 
cataract depends upon the adjacent landscape, the precipitous rocks, 
the richness of the scenery which surrounds it, and even upon the 
nature of the trees which clothe its craggy heights. The Niagara 
Falls, for instance, would be more impressive in their character, if 
palm trees and other Oriental productions relieved the eye, and 
lent to the imagination the hues of a lovelier sky, which would 
contrast happily with the sterile grandeur which now only strikes to 
appal both the mind and the sense. The great body of the water 
in this cataract passes the precipice over which it falls with such 
violence that it forms a curled sheet, which strikes the water below, 
60 feet from the base of the precipice, and visitors can pass behind 
the sheet of water. It is often adorned with a rainbow, and some- 
times three are seen in the clouds of spray, which rise 100 feet 
above the precipice. 

The primary regions of Europe abound in cataracts. The torrents 

are seldom of great size, but the rocky beds over which they roar 

and dash in foam and spray, the dark glens into which they rush, 

and the wildness c^the whole scenery, often pTod\ic/^^\xox\!^QSxM2^oiuu 
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The EDglish language lias more terms tlian any other to express the 
different degrees of rapid and sudden descent in streams of water. 
A considerable decKvity in the bed of a river produces rapids ; when 
it runs down a precipice it forms a cataract ; and if it £dls from 
steep to steep, in successive cataracts, it forms cascades. In primary 
and transition countries, rivers generally abound in rapids : they also 
occur in secondary countries, but the descent is more gentle. In 
alluvial districts falls are very rare : they are most frequently found 
in the passage of streams from the primitive to the other formations. 
Rapids and cataracts are often great blessings on account of the 
water power they afford. 

TABLES OF SOME OF THE MOST REMARKABLE FALLS IN 

THE WORLD. 

I. FALLS IN EUROPE. 

Height 

The Oreo, Mount Rosa, Italy, 2,400 feet 

Gavamie, France, Pyrenees, 1,350 " 

Fugloe, Isle of Fugloe, Norway, 1,000 " 

Staubbach, Switzerland, 960 ^ 

Doby MyUm, Wales, 900 " 

Gin&el, Wales, 900 " 

Riuken Fossen, Norway, 800 " 

Hohness Falls, Scotland, 800 " 

Nant Darpenaly, Savoy, 800 " 

Maamelven, Norway, 800 " 

Serio, Lombardy, 600 ** 

Lattin Falls, Swedish Lapland, 400 ^ 

Staubbach, Berne, Switzerland, ...«•• 900 ^ 

Tosa,Valais, 400 " 

Gray Mare's Tail, Scotland, 860 " 

Temi Velino, Roman State, 800 " 

"Acham, Scotland, 240 " 

Foyers' Falls, Scotland, 212 « 

Reichenbach, Switzerland, 200 ^ 

Tendon, France, 120 " 

Kerka, Dahnatia, 100 ^ 

Devil's Bridge, Scotland, 100 " 

Gotha Falls, Trolhatta, Sweden, 100 " 

Schaffhausen, Switzerland, YO " 

TivoU, Italy, 60 « 

Caldron linn, Scotland, 88 " 

Bruar Falls, Scotland, 70 ** 

Lynn Ogwen, Wales, \^ ^ 

Ckwiund Id&wr, Wales, ^^ '^ 
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II. FALLS IN AMERICA. \: 

Heigbt • 

Niagara, 170 feefs^j 

Tesquendama, New Grenada, 580 " 

Pusambio, or Purace, New Grenada, 400 ** " 

Montmorency, Canada, 250 ** . 

Falling Spring, United States, 200 " - 

Catskill, United States, 175 " 

Tauquanic, United States, 160 ** , 

Great Falls, United States, 150 «* ' 

Chaudiere, Canada, 100 " 

Missouri, tlnited States, 90 " 

Giianacualto, Mexico, 80 " 

Passaic, United States, 70 ** 

Cahoes, do. 60 ** 

St Anthony, do. 40 " 

Glenn's, do 40 " 

Mississippi Falls, do 40 ** 

£87 « 

llfiasouri Falls, do < 47 ** 

f 26 ** 

Tochoa Falls, do 187 " 



III. ASIATIC FALLS. 

Height. 

Garispa, Indian Ghauts, 1,000 feet 

BirraChuki, 100 " 

BHohi, 400 « 

Ganga Chuki, Cavery, 200 " 

Chadbai, in India, 362 " 

Booti, do 400 " 

Tonse, do 200 " 

There are many beautiftd and magnificent falls, not given in the 
above tables, because they have never been measured. 



§ XXXni. — ^Periodic Increase of Eiyers. 

The periodic rise of the Nile used to be considered a singular phe- 
nomenoD, and. one of the greatest mysteries of nature, until modem 
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Europeans, by penetratang into the torrid zone, which was ahnost 
unknown to the ancients, discovered that this wonderful property 
belonged to many other rivers i)eside8 the Nile. It is now weU 
known, that in all countries situated between the tropics, it rains in- 
cessantiy and heavily, during a certain season of the year, according 
to local circumstances. The torrid zone, deprived in a great measure 
of the benefit arising from snows and glaciers, has this deficiency 
supplied by copious torrents of rain, pouring down incessantly for 
some time upon the ground that has been almost burnt up with heat 
during the dry season : then all the lakes and rivers swell and over- 
flow their baiis. If a river, under the influence of these tropical 
rains, flows along a plain, in a direction parallel to the equator, its 
overflowing waters will spread, with a certain degree of equality, 
over the whole extent of its banks. Such is the case with the 
Orinoco, in America, the Senegal, and probably the Niger, in AMca. 
I^ on the contrary, such a river flows from a great elevation, into low 
plains and valleys, or if its direction be perpendicular to and from 
the equator, then the action of the tropiciil rains upon it, will be ex- 
tremely unequal, for the surplus of water will be carried almost 
entirely towards the lower parts of its basin. This is exactly what 
happens in the floods of the Nile. This river undoubtedly rises in 
the Mountains of the Moon, which probably form a very elevated 
plateau in the centre of Africa. 

In Asia, the rivers Siam and Cambodia flow in nearly the same 
latitudes as the Nile, but in a difierent direction, being from north to 
south. These two rivers have floods resemblincr the Nile. The 
Ganges, the Indus, and in general all the rivers which flow between 
the fiopics, present this phenomenon, varied by local circumstances. 
The rivers beyond the torrid zone are subject only to the less-marked 
periodic swellings, which arise from the melting of the snow in the 
spring, and the i^l of the autumnal rains. 



§ XXXIV. — Mouths of Rivers. 

Rivers, in running into the sea, present a great variety of interest- 
ing phenomena. Many form sand banks, as the Senegal and the 
NUe ; others, like the Danube, rush with such force into the sea, that 
for a certain space, the waters of the river can easily be distinguished 
from those of the sea. Those of Syre, in Norway, are discernible 
for six miles after they enter the sea. It is only by a very large 
mouth, like that of the Loire, Elbe, or La Plata, that a river can 
tranquilly mingle with the sea. Even these, however, feel the influ- 
ence of tJhe 8«a, which repels their waters back into l\\^\s \i^^. TK»a»^ 
the 8eme^ at its mouth, forma a bar of coii^dQia\>\^ e7L\i^ii\i\ ^scA^^(^ 
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Garonne, being unable, when opposed by tlie tide, to discharge its 
waters with sufficient rapidity, forms, between Bordeaux and its 
mouth, a kind of gulf, rolling backwards, inundating the banks, and 
stopping vessels in their progress, both up and down. This plie- 
nomenon, termed the mascaret, is only the collision of two bodies of 
water, moving in opposite directions. We have already mentioned 
the subhme phenomenon of this kind, presented by that giant of 
rivers, the Amazon. Twice a day the flowing tide resists its imprisoned 
waves, in their course to the ocean. The shock is sometimes tremen- 
dous ; and a liquid mountain is raised to the height of 18d feet The 
first or second day after every new and full moon, the tide is unusu- 
ally strong ; and the river also seems to redouble its energy ; and its 
waters, and those of the ocean, rush against each other with extreme 
violence. The banks of the river are inundated with their foaming 
waves, and loud roarings echo from island to island. The Indians 
call this phenomenon the pororoca. 



§ XXXV. — ^Inundations. 

The overflowing of a river is hable to vary at different periods. 
Thus, it is distinctly mentioned in the Bible, that the Jordan over- 
flowed its banks during harvest, expelling wild animals that lurked in 
their thickets ; but this river does not now overflow its banks. It is 
said that the channel has become deep enough to hold the floods. 
But it is not unlikely that its banks have been raised by successive 
deposits of mud, or it may be that the fall of snow and rain upon 
Mount Lebanon, whence the floods came, is not so abundant since its 
forests of cedars have been cut down ; for some travellers are of 
opinion that this river must, from the accounts of the ancients, have 
formerly been of much greater magnitude at all seasons of the year 
than it appears to be now. 

The excessive rains which fall in tropical regions during a certain 
season of the year, occasion inundations of the rivers within the tor- 
rid zone, to which such rains are chiefly confined. In the frgid zone, 
the season of floods is in spring, when the ice and snow melt. 
These floods are violent, and of short duration. Some of these rivers 
have two or three successive floods, corresponding to the seasons of 
thaw on the low grounds, on the sides of the mountains, and on their 
summits. The inundations of the Nile are periodical, and begin in 
June. It draws its waters from the tropical regions, where excessive 
periodical rains cause other rivers to overflow. By the middle of 
August, the whole valley of Egypt is covered with water. 

The sweUing of the Ganges, which arises partly from rafns, and 
partly &om the melting of snow, begins in April, asid continnfiA tffl 
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the middle of Augost^ when it attains to its maximum height, which 
ia thirty-one or thirty-two feet. 



§ XXXVL — ^Dimensions of Rivers. 

In order to ascertaiif the actual dimensions of a river, it is neces- 
sary to determine its length, and depth, the area of its basin, and 
the amount of its annual discharge of waters. In estimating its 
length, we may trace its windings, by its channels, from its source to 
its mouth ; or we may compute only its principal bends. It is this 
diflferent manner of estimating the length of the river's course, and 
other causes, that lead to so many inconsistent statements. The fol- 
lowing tables state the length of the rivers, allowing only for the 
principal bends ; and it is often necessary to add from one fourth to one 
sixth, to give the entire length of the channel. 



I. SOUTH AMERICAN RIVERS. 
Rivera. Length. Area of Basin. 

Amazon, 3,200 Miles. 2,600,000 

La Plata, 2,130 " 1,250,000 

Orinoco, 1,150 " 300,000 

Magdalena, 820 " 

Tocantin, or Para, .... 1,500 " 

San Francisco, 1,275 " 

Madeira, — ^tributary of Amazon, 1,800 " 

Topayos, . . . do. . . . 1,000 " 
Napo, . . . . do. . . . 800 " 

Xingu, . . . do. . . . 1,080 " 

Negro, . . . do. . . . 1,400 « 



I. NORTH AMERICAN RIVERS. 

Rivera. Length. 

IMSssissippi, : .' / ^''^^^ I Miles 

Missouri, to mouth of Mississippi, 3,500 j 

Oregon, or Columbia, .... 1,200 " 

St. Lawrence, 2,000 " 

Mackenzie, 1,500 " 

Nelson and Winnipeg, .... 1,000 " 

Ottawas, 1,200 "^ 

1,800 ^ 



Area of Basin. 
1,260,000 

600,000 
300,000 
260,000 
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Riven. Length. Area of Baiin. 

Red River, 1,150 Miles 

Ohio, 800 " 200,000 

Colorado, 800 " 

Bravo Del JSTorte, 1,250 « 

Susquehannah, 300 " 30,000 

Tennessee, 680 " 41,600 ' 

Cumberland, 400 " 18,000 

Potomac, 370 " 13,000 

Hudson, 300 " 

Mobile, or Alabama, 400 " 40,000 

Delaware, 275 " 12,000 

Illinois, 400 " 24,000 

Connecticut, 310 ** 

James, 370 " 10,500 



III. EUROPEAN RIVERS. 
Rirera. Length. Area of Baan. 

Volga, 1,900 Miles. 640,000 

Danube, 1,630 " 310,000 

Dnieper, 1,050 " 200,000 

Don, 860 " 205,000 

Rhine, 830 " 70,000 

Dwina, 700 " 125,000 

Vistula, 650 " 70,000 

Loire, 620 " 48,000 

Elbe, 580 " 50,000 

Rhone, 540 " 

Duna, 490 " 

Dniester, 480 " 

Tagus, 520 " 28,760 

Meuse, 520 " 

Seine, 480 " 26,200 

Oder, 460 " 43,926 

Douro, 455 " 35,000 

Ebro, 410 " 

Po, 380 " 27,000 

Thames, 200 " 6,000 

Shannon, 220 " 

Severn, 210 " 

Tiber, 210 " 
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RiTen. Length. Area of Basis. 

Nile, 2,760 Miles. 500,000 

Niger, .x 2,200 " 450,000 

Congo, or Zaire, . . . 1,400 " 

Senegal, 850 " 

Gambia, 600 " 

Orange, ....... 1,050 " 

Zambese, 950 " 



V. ASIATIC RIVERS. 

Riyers. Length. Area of Basin. 

Yangtsekiang, or Kianku, 2,700 Miles. 600,000 

Yenisei, 2,900 " 1,200,000 

Obi, 2,800 " 1,300,000 

Lena, 2,500 " 960,000 

Indus, 1,700 " 400,000 

tJambodia, 1,700 « 

Amour, 2,240 " 900,000 

Ganges, 1,350 " 600,000 

Euphrates, 1,360 " 230,000 

Hbangho, 2,400 " 400,000 

Jihon, or Oxus, . . . . 1,300 " 

Sirr, or Jaxartes, 1,200 " 

UraJ, 1,050 " 

Maykiang, 1,700 " 

Takiang, 1,050 " 

Meinam, or Siam, .... 850 " 



§ XXXVn.— Lakes. 

Extensive accumulations of water, surrounded on all sides by land, 
and having no direct communication with the ocean, or with any sea, 
are called lakes. Lakes are of four kinds. 

The first class comprehends those which have no outlet, and which 
do not receive any running water. These pools are usually very 
small, and do not" merit much attention. Of these are the Arendt, 
in Vieille Marche, which is formed by the sinking down of the dr- 
comjacent lands, and the Lake of Albano, near Rome, which appears 
to be an old crater filled with water. 

The second class comista of those lakes wtida. Yia^^ «cl Qi\s^<^\»^\?Qiu 
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wliicli do not receive any running ■water. Such a lake is formed 1^ 
a spring, or perbajs by a multitude of springs, wUich, opening into 
a kind of reservoir, are obliged to fill ttnt betbre they can lind an 
outlet for their own waters. Tliose lakes may, neverthclesa, be fed 
by little inviaible streams of water, which descend ti^om the surround- 
ing lands or from subterraneous canals. Some great, rivers have 
lakes of this kind for their source. These lakes are generally situated 
on great elevations. There ia one of this kind on Mount Hotondt^ 
in Coisica, which ia C,204 fist above the level of the seii. 

Tke third class of lakes is very numerous, consisting of all such as 
receive and discharge streams of water. Each of the lakes of this 
class may be regarded as forming a basin, for the reception of the 
ne^hboring waters. They have, in general, one outlet, which almost 
always takes its name from the principal river which flows into it. 
But it cannot, with truth, be said that these rivers traverse the lake, 
aa their waters mingle with those of the baain over which th^ aro 
diffiised. Tlicre are four or five lakes of this class in NortJi America, 
which, in point of extent, resemble seaa, but which, by the flow of a 
continual stream of fresh water through them, preserve their ciear- 



The fourth class of lakes presents phenomena more difficult tp 
expltun. We mean those lakes which receive streams of wal«r, and 
often great rivers, without having any visible outlet. The most 
celebrated of these is the Caspian Sea, of which we have already 
spoken. Asia contains a great many others besides. South America 
contains the Lake Titicaca, which has no efHux, though it recaivea a 
large river. These lakes mostly belong to the interior of great ooa- 
tinenta ; they are placed on plains which have no sensible decUvi^ 
towards the sea, and which do not permit these collections of wat^ 
to open for themselves a passage through which they may flow out., 
But it may be asked, why do these lakes which are alwavs receiving 
supplies of water, but have no outlet, not overflow their banks! 
The reply is, that evaporation is suiEcient, in all such cases, to 
carry off their ejicess of water, as has been shown to the entire sat- 
isfection of men of science. 

BuOterraii jgjjj, lakes form a class of lakes which differ from all tho 
precedmg, anL J ^^ bodies of water contained in cavities quitacovwed 
by earth; straH^ It is only when such carife arc laid open by 
earthquakes, by I, j|g falling asunder of mountain.'i,bythe action of l!he 
weather, or by n\ .^^^ ^^ ^^^ operations of mining, or when the roof 
&]ls m, that tUeir s ,jt^^^J(,^ becomes known. ITiey are very numer- 
ous, though small m.^^_ jj. -^ ^^^ ^^^^ ^^ account for the existence 
of permanent and w^jfo^ springs, on any oflier supposition thsn 
that they are ted by an ^^ j^j^^ g^^^ ^^ ^^ ^ .^ ^^ 

to nvera, wiii/e oliiers ar> ^ ^^^^ ^ ^^^^.^ con^idstabla ateeama. 
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ifbich lose themselves m the interior of the ground. Such are the 
numerous cavities of the Julian Alps. It is to similar reservoirs that 
we must attribute the periodical disappearance of certain lakes situar 
ted above ground. There are some caverns in Norway which afford 
a passage to rapid currents of water, as appears from the sound 
h^d Qirough their roofe. It is natural to suppose that many 
streams, finding no readier outlet, flow into subterranean cavities, are 
absorbed by the earth, or discharge themselves under ground into 
the sea. In this way may be explained the^origin of those springs 
of fresh water, that are to be seen spouting up even in the midst 
of the waves of the ocean. The waters thrown up by volcanoes, 
the sudden and terrible inundation of mines, the number of rivers 
which disappear, the mountains which are suddenly engulfed in the 
bosom of new lakes, — all these facts leave no doubt of the existence 
of extensive subterranean cavities, containing large bodies of water. 
The digging of wells has supplied, a fact still more interesting. It 
appears that there are many lakes, or rather sheets of water, which 
extend under ground to considerable distances. In digging wells 
near Aix, in France, and in the province of Artois, they always come 
to a clayey bed, which, on being pierced, throws out water in large 
babbles, and forms permanent springs. There is a district in the 
interior of Algiers, where the inhabitants, after digging to a depth 
of 200 fethoms, invariably come to water, which flows up in such 
abundance that they call it a subterranean sea. This practice has 
now become common, and such wells are called ArtesiaUy from 
Artois. 

Lakes which receive much water, but have no outlet, were long 
believed to communicate with the ocean by subterraneous channels. 
The great distance of some of them from the ocean, seemed to offer 
an obstacle to this supposition, which might have still remained in 
doubt, but for the discovery of the remarkable feet that some of the 
principal lakes of this description have their surfaces depressed far 
below the surface of the ocean, as is the case with several formerly 
mentioned. And although the level of such lakes varies with the 
weather, with the abundance or scarcity of the waters discharged 
into them by rivers, at particular seasons of the year, they are uni- 
formly far below the sea-level. 



§ XXXVin. — ^Periodical Lakes. 

Periodical lakes are those which are formed by excessive rains, and 
which are again dried up by evaporation or infiltration. They a^^o,^ 
Bcaroel/ woiibjr of attention. In the tempoYate ioti<5!&/YsA<i^^^«f 
am ndbing but pools ; buL between the tromca, ftxesftk ^oo^ ^^^ 
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'times cover spaces of several hundred miles in length and breadth. 
Such are the famous lakes of XarageB and Paria, sometimes inscribed 
on maps of America, and occasionally expunged. It is probable that 
Africa also contains many of the same kind. If there .exist in the 
cavities of the earth, subterraneous lakes of this kind, and if they 
communicate ^dth other lakes that are visible, it is easy to imagine 
that the waters of these last may sometimes entirely disappear by 
sinking down into the basin of the former, in proportion as these dry 
up. This lower basin again filling itself up anew, its waters spreaa 
so as to fill the superior basin. I^ in a supposable series of subterra- 
neous cavities, the last link of the chain happen to be a mass of 
subterraneous water, situated at a higher level in the bosom of a 
mountain, the periodical returns of the waters in the visible basin 
may be accompanied by a motion similar to that of spouting foimt- 
ains. It is by means of such hydraulic machinery, that nature keeps 
up the wonders of the lake Cirknitz, in Blyiia, and in many others 
of the same description. 

By comparing the observations made since 1Y15, upon the Caspian 
Sea, we are convinced that this great lake augments and diminishes 
from 30 to 35 feet, according to the abund^ice of snow and rain in 
the countries from which it receives its waters; but we see, at the 
same time, that these changes have no fixed period. The lakes 
which are supphed with water by the melting of the snow, may 
even change their level in the course of the day, according as the 
action of the sun has more or less effect upon the neighboring 
mountains. It is on this principle that the seiches, or periodical 
risings and Mings of the hke of Greneva, should be explained. 



§ XXXIX. — Lakes which Rise and Boil. 

The variations and motions of lakes which do not depend upon 
an augmentation of quantity, present very complicated questions. 
That any lakes commimicate under ground with the sea, and owe 
their regular tides to such communication, is much to be doubted. 
The equilibrium of the atmosphere, deranged by electricity, or by any 
other cause, may occasion water to rise up, by altering the pressure 
which retains it at its level. 

In Portugal, there is a pool near Beja, in Alentejo, which, by its 
loud noise, indicates a storm. Other lakes appear agitated by the 
disengagement of subterraneous gases, Qr by winds which blow in 
some cavern with which the lake communicates. Near Boleslau, in 
Bohemia, a lake of unfathomable depth sometimes in winter emits 
blasts of wind sufficiently strong to raise up in the air pieces of ioe 
aarem) quintals in weight 
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Two considerable lakes, Loch Lomond, in Scotland, and Lake 
Wetter, in Sweden, often experience, during the serenest weather, 
violent agitations. These are supposed to be caused by subterrane- 
ous pent-up gases. In the Marche of Brandenburg, the pool of 
Vorestin often commences in fine weather to boil up in whirlpools, 
so as to engulph the httle boats of the fishermen. Perhaps the 
decomposition of calcareous stones has an influence upon some of 
these phenomena. 



, § XL. — Floating Islands. 

When we consider, on one hand, how many inaccessible marshes 
there are, always floating in the water, covered with brush-wood and 
trees, and on the other hand, when we consider those beds of vege- 
tables that are found very recently buried in turf-pits, we may form 
an idea of these floating islands, which some geographers represent 
as natural curiosities. They are simply earth of the nature of a 
peat, but very light, sometimes only reeds and roots of trees, inter- 
woven together. After having been undermined by the waters, they 
detach themselves from the bank, and from their lightness, and spongy 
nature, and consistency, joined to their inconsiderable thickness, they 
remain suspended and floating on the surface of the waters. 

Tlie dehghtful Loch Lomond, in Scotland, contains some of these 
floating islands, which are very common in Scotland and Ireland. 
The marshy lakes of Comacchio present a great number. A small 
lake in Artois, near St. Omer, is covered with them. Among the 
lai^est are those in the lake of Gerdau, in Prussia, which furnish 
pasturage for one hundred head of cattle, and that of Lake Wolk, in 
the* country of Osnabruck, covered with beautiful elms. 

There are some floating islands which appear and disappear 
alternately. The Lake Ralang, in Smalande, a province of Swe- 
den, is an instance of this kind. It encloses a floating island which, 
fixHn 1696 to 1766, has shown itself ten times, generally in the 
months of September and October. It is 280 feet long, and 220 
broad. 

Floating islands may have an influence upon the fonnation of 
some parts of what appear to be alluvial plains. Those which 
Pliny and Seneca saw floating in the Lakes of Bolsena and others 
have become fixed. West Friesland has a subterraneous lake, 
which appears to have been covered with floating islands that 
gradually united together, and ended in forming a sohd crust. 
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§ XLL — ^Temperature, Depth, and Qualities op thb 

Water of Lakes. 

The shade of thick forests or high mountains may prevent lakes, 
like Loch Winnoch, in Scotland, from getting rid of the perpetual 
ice which covers them either in part or in whole. Otiier lakes, 
always ruffled by the winds, or stirred by the rivers they receive, 
and the springs which feed them, brave all the rigors of a cold: 
climate. The most extraordinary phenomenon would be to see 
lakes freeze during summer, and this has been related of some in 
China, the cause of which has been sought for in the saline nature 
of the neighboring ground ; but the fact appears to have been in- 
sufficiently observed or incorrectly recorded. 

The depth of lakes varies infinitely, and cannot form a subject oi 
general physical geography : we will content ourselves merely with 
contradicting the assertion that there are lakes without a bottom. 
No such lake has ever been dbcovered ; those which appear to be 
such owe their character to currents, which carry along with them 
the lead attached to the sounding line. But there are lakes with 
double bottoms, according to various, statement^ : such are said to 
exist in Sweden, in Jemptia, or Jemptland, and elsewhere. Thia 
fact is accounted for by supposing that a crust interwoven with 
roots, similar to the floating islands, may exist at the bottom of a 
lake, and by either rising or sinking, may make the deptli vary ia 
appearance. The depth of great lakes has seldom been ascertauhed 
with exactness. 

There are also inland seas where the level of the waters 
changes with the seasons. For instance, the Baltic and the Black 
Seas swell in the spring from the abundance of water poured into 
them by rivers. These two seas approach nearer than other seas to 
the nature of lakes, which have generally a higher level than that 
of the ocean. 

The depth of some parts of the Caspian seems to exceed 380 
fathoms. In lakes, as in the ocean, the slope of the bank is 
continued downward for a considerable way below the water; 
that is, deep lakes are to be found in mountainous districts, 
and shallow marshy ones, in flatter countries. The depth of Loch 
Ness, in Scotland, is, in some places, 130 fathoms, which is four 
times the depth of the North Sea; and its bottom is actually 30 
f^ithoms below the deepest part of that sea, between the latitudes of 
Dovor and Inverness. The Lake of Geneva attains the still greater 
depth of 161 fathoms. Many other lakes are known to be exceedingly 
deep, without the amount being ascertained. Many, no doubt, are 
/?radiiaIJjr becoming more shallow from being ftlledui^ with mud^&c. 
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The temperature of the surface of lakes depends upon the climate 
and season ; but at the bottom of deep lakes it undergoes little or 
no change during the year, and approaches to that which cor- 
responds to the maximum density of water, which is about 39.5^. 
In Loch Catrine, and Loch Lomond, the temperature, at all deptlis 
helow 40 fathoms, is 41° ; but the mean temperature of the climate 
is 47°. The deep lakes of Thun and Thug, in Switzerland, have a 
temperature of 42^ at the depth of 15 fethoms. Geneva Lake, at 
the bottom, has a temperature of 42^ ; that of the Lake Sabatino, 
fit Rome, is 44.5° at the depth of 80 fathoms. Warm springs may 
in some cases keep up the temperature when they occur at the 
bottom. Deep lakes scarcely ever freeze, except in a very cold 
ehmate ; because the whole body of water must cool below 40*^ 
before congelation could conmience. Accordingly, neither Loch 
Ness, nor its effluent river of the same name, are ever frozen over. 

The qualities of the waters of lakes are various, according to the 
nature of the substances with which they may be mixed or con- 
taminated. The principal distinctions in this respect are .fresh, 
saline, and alkaline. Lakes which receive much fi*esh water and 
have a copious efflux, are almost always fresh; but those which 
lose much of their water by evaporation, may be slightly sahne, 
especially if the neighboring soil abound in salt. Wlien lakes have 
no outlet, they are invariably saline. To account for this, two rea- 
sons have been assigned : one is, that salt lakes having no outlet, 
are concentrated portions of the waters of the Deluge, retained by 
the hollows of the earth's surface ; and that all other lakes were 
originally such, and saline ; but that those which are traversed by 
fresh-water streams have had their salt washed out, and carried to 
the ocean. 

The other opinion is, that the salt in lakes has come from springs, 
or been washed out from the soil of the adjacent country, by means 
of the rain and rivers ; for such lakes are most abundant where the 
soil contains saline matter : and where lakes only lose water by evap- 
oration, the vapor goes off fresh, and leaves the salt behind. The 
Dead Sea is one of the saltest of all lakes, and appears to have been 
80 for upwards of 4,000 years : for in the book of Genesis it is called 
by way of distinction, the " Salt Sea." The waters of tliis lake are 
in a state of saturation, containing about 8 times as much salt as 
those of the ocean. The salt must be accumulating in beds at its 
bottom : for the river Jordan, which is brackisli, necessarily carries in 
more. Masses of bitumen frequently float on the surface, and seem 
to rise from the bottom of the lake. Hence its Greek name Asphal- 
tites, from asphaltos, bitumen. The same thing occurs in other 
Asiatic lakes, some of which are impregnated mXk \iat^^. \a.'^<^ 
Jahwd of Ktudady in th^West Indies, tliore \a a \«^L<i ^\i\Oa. \t^ 
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duces an enormous quantity of bitumen, fit for naval purposes. B 
is three miles in circumference, and the pitch is frequently so ham 
as to sustain men and quadrupeds. 

Some lakes are both saline and alkahne, as is the case with i 
nimiber of lakes in Lower I^ypt. These are called Natron lakes: 
from their abounding in soda, which is there called trona ana 
natron, the nitre of the sacred writings. 



§ XLII. — ^Disappearance and Formation op Lakes. 

Lakes appear to have been much more numerous at a fonneor 
period than at present, and to have occupied a large proportion of 
the surface of the land. Traces of their existence occur every wheia 
Many of them have been filled up with debris, and become levd 
plains, traversed by a river. Some have been drained by the gradual 
deepening of their outlets, or both causes have operated together. 
Others have been drained by cracks caused by earthquakes, or by 
the subsiding of part of their basin. ^ The whole kingdom of Hun- 
gary is supposed to have been originally the basin of a lake. 

There are several modes in which new lakes may be formed. 
When a mountain falls asunder, it often happens that it stops up ft 
neighboring river and valley, and forms a lake. But the water ot a 
river, obstructed in this manner, will always overflow, and can scarcely 
feil to regain its former level, either by wearing away a cut for itseu 
above, or by undermining the ruins beneath. Shallow, marshy 
lakes are often formed by the surplus waters of rivers, detained on 
flat ground by an accumulation of mud. Ice and snow sometimes 
accumulate in narrow passes between mountains, so as to obstruct 
and make the water stagnant, and form a temporary lake, increasing 
perhaps for years, till at length the pressure of the water is aug- 
mented to such a degree as to burst the icy barrier. So great a 
discharge Of water and ice, precipitated from mountains, tears up 
not only alluvial substances, but frequently, portions of rocks, which 
are scattered over the plain below. Thus, villages and fertile fields 
are almost instantly converted into deep hollows and heaps of rub- 
bish. These cavities, perhaps, continue filled with water, forming 
small lakes. 



§ XLIIL — Properties of Various Kinds of Water. 

Water is never found perfectly pure in nature, owing to its very 

'trong and extensive power of dissolnng other substances. It possesses 

tiie property of aibsorbing the atmaspVienc«vT, oi viVvV^VV. ^^sftiewSSq 
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holds in solution -gV o^ ^^ weight. But as it absorbs oxygen more 
readily than hydrogen, the air it contains is riclier in oxygen than 
common atmospheric air. Fish consume a great deal of this oxygen : 
hence, they perish when the water luis been deprived of it But in 
general, as they consume it the water absorbs more from the atmos- 
phere ; and this process is tacilitited by the movements of the water. 

Rain water is the purest found in nature : but, besides atmospheric 
air, it contains carbonic acid, and a small portion of ammoniacal 
salt, even when most pure. Perfectly pure water is obtained by 
carefully boiling and distiUing rain water. 

The waters of marshes, pools, and all stagnant waters, are un- 
wholesome, because they dissolve carbureted hydrogen, nitrogen, 
and hydrogen gases, arising from the decomposition of plants, in- 
sects, and fish. 

The water of hills and mountains differs in its quahty, according 
as it filters through banks of quartz or clayey rock, from which it 
derives no property whatever, or as it traverses ground which is 
marly, calcareous, gypseous, or impregnated with magnesia, salt, or 
bitumen. The former kinds are always wholesome: but the last 
kind is generally much mixed with heterogeneous substances, and is 
generally hard and turbid, and sometimes unwholesome. Although 
those waters which have clayey bottoms are wholesome, yet those 
which flow through hard rock are more pure and limpid, as they 
.undergo a process of filtration in flowing through the stony soil. 

The waters of lakes, being derived fi*om springs and rivers, partake 
of their different qualities. There are some lakes whose waters are 
extremely hmpid, such as Geneva, in Switzerland, and Wetter, in 
Sweden. In the latter, it is said, a farthing coin may be perceived 
at the bottom of the lake, at 120 feet depth. But the waters of 
lakes which are motionless, or saline, or bituminous, may be regarded 
as equally unwholesome with those of marshes. 

The waters of rivers contain some very heterogeneous elements, 
which seem necessarily to counteract each other ; "and it is, perhaps, 
as much owing to this reciprocal destruction of pernicious principles, 
a«» to continual motion, that river water is so generally serviceable to 
the wants of man, and supports the freshness and purity o{ the at- 
mosphere, wherever it flows. It often, however, forms a sediment 
of grravel and mud. 

Well water, by remaining too long motionless, is apt to acquire the 
bad quahties of stagnant waters, in certain circumstances ; but it is 
generally wholesome. 

Snow and ice water have been charged with producing goitres, or 
swelled neck : but this cannot be so ; for there are many localitl^ 
where they are fireely used, without any case ot t\ia\. ^\%<i"as>^ \iss«i^ 
known. lite only objection to such waters is tt\e\T gc^^X. e/cJi^xv!^s&. 

4 
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lifineral waters are those which are combined with certain 'i 
stances of the mineral kingdom, in a quantity sufficient to impafi 
them both taste and color ; the absence of which properties OQC 
tutes the chief characteristic of fresh water. 

Acids easily combine with water, but they are as rapidly inooi 
rated with any saline, earthy, or metallic substance ; so that ad 
lated waters seldom contain free, unmixed acid. The Spring 
Latera, however, 32 miles from Viterbo, and that of Selvena, 
miles from Sienna, are produced as examples in which free sulph: 
acid is combined with water. The Lakes of Cherchisdo, of Ca 
Xuova, and Monte Rotondo, also in Italy, present free bor 
acid. 

The acidulated ferruginous waters, or chalybeates, are the n 
common. There are some hundreds in France and Germany. ' 
acid in these is combined with ferruginous ochre ; and they frequei 
contain magnesia, Glauber salts, vegetable alkali, and hydrochla 
of soda ; but the simple chalybeate are the most common. 11 
of Pa&sy contain green vitriol, or sulphate of iron, and beod 
black with astringent vegetables. Bitter waters are charged i 
sulphate of magnesia. Such are those of Seidlitz and Epsom. ' 
Steppes of Siberia, to the north-east of the Caspian Sea, have a ii' 
ber of lakes of this kind. They almost form a chain from the Ki 
and Bas Volga, reaching from thence beyond the Yenisei. 1 
these pools there are some which contain alkali, or carbonate of d< 
In the plains of Hungary, the same abundance of bitter wateo 
found. Perhaps this is a property common to all the basins of 
ancient Mediterranean Seas. 

Tlie formation of the acidulated waters, is one of those d 
operations of nature which has been subjected to the sera 
ot science. Running waters find in the bosom of the ei 
acidiferous substances, the acid of which either is disengaged by t 
affinity for the water, or by stronger acids mingling with weaker c 
and causing fermentation. This chemical process is perpetuall} 
newed. Lime, which contains f of its weight of carbonic acid, 
plies in abundance, mineral waters with this acid, which conslit 
their general basis. Sulphuric acid is disengaged from pyrites, w 
are widely distributed over the eartli. Waters impregnated with 
acid will dissolve iron, lime, magnesia, and many other substano 

Mineral waters do not remain in that state in which a first el 
ical oiK^ration placed them ; for, in their course through the e 
they sK^metimes meet with a salt, and sometimes with an acid ; 
those ditterent substjmces, by uniting, separating, or changing, ace 
ing to their affinities, witli the basis of mineral waters, communi 
(jimUtiva to tlieni which serve to vary their chemical and mei 
JJ:Uun\ 
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Without mentioning those sulphurous waters, or carbonic fumes 
which arise from several waters, it appears certain, that there are sev- 
eral springs impregnated with mercurial and arsenical vapors. Hap- 
pily these frightful laboratories, in which nature sustains a poisonous 
character, are generally buried under large masses of rock ; and the 
rarity and insolubility of arsenic render arsenical springs very un- 
common. ^ 

Metallic waters are those in which minute particles of metal are 
suspended, and which, not being combined with the fluid, are gradu- 
ally deposited. Besides the common cementatory waters, as they 
are tenned, which yield iron and copper, some are mentioned 
which have formed a deposit of argentiferous lead, in a mine of 
Konigsberg. The auriferous rivers do not even retiin the particles 
in suspension ; they roll along grains of gold detached from some 
rock. These waters are not mineral in the proper sense of the word. 

Salt, or muriated waters, are perhaps the most common of all ; 
but they rarely exist in a state of perfect purity. They occur in 
abundance along the Carpathian and Uralian mountains, and in 
general in the zone comprised between the parallels of 50° and 
30° north latitude. More to the north they are hardly ever found ; 
farther to the south crystallized salt abounds in certain regions, as 
in the great desert of Africa, but we find only a few salt springs 
there. It is also in the north temperate zone that salt lakes are 
most abimdant. The central part of Asia has a vast number of 
them. The origin of such lakes has been already explained. 

There are some waters which are capable of taking fire without 
being hot. Sometimes they contain hydrogen gas, disengaged 
from mines of iron, zinc, and tin, dissolved by the hydrochloric and 
sulphuric acids. Such are the fountains of Porretta Nuova, Bari- 
gazo, and others. Such is the rivulet near Bergerac, which can be 
set fire to with- lighted straw. Sometimes these waters are mixed 
with pitch, or bitumen, especially \vith naphtha and rock oil, which 
in general float on the surface, and bm*n in the depths of the water : 
this is seen at Bakou, and in several places in Persia. The burning 
lake of Iceland appears to belong to the first class ; and it is not 
improbable that it may have sometimes taken fire spontaneously. 

Incrusting waters ought to be carefully distinguished from those 
possessed of a petrifying quality. Tliese last, charged with siliceous 
particles extremely minute, penetrate the pores of wood and other 
substances, and substitute for the elements of these bodies other 
crystallized elements arranged in the same manner. This property 
shows itself stronger than anywhere else in Lough Neagh, in Ire- 
land, and in some few springs ; bu1> most hard waters possess it in a 
certain d^ee. Tlie Danube and the Pregel petn%, m ^"^ <i«va"aftk 
of fSfome ages, stakes which are planted in their waters. 
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Incrusting waters act in a moro e\ddent manner, by depositiiiff 
like a crust the eartliy particles with which they are loaded. Of 
these we have examples in the spring of Guancavelicji, which, by 
depositing calcareous sediments, ftimishes the rough stones of which 
the neighboring towas are built, — the beautiful alabastensformed by 
the baths of San Phillijx;, in Tuscany, — ^the deposits known by the 
name of Sugar Plumbs of Tivoli, and the magnificent basm formed by 
the springs of Carlsbad. This quality of incrustation is most com- 
mon in hot springs ; but it is found also in several cold springs. 
The ordinary deposits consist of calcareous tufa or sand-stone. The 
Geysers of Iceland deposit a siliceous tufa. 



§ XLIV. — ^Destroying Effects op Water. 

Water is a very active agent in altering and variously modifying 
the surface of the earth, and its energy is increased when it carries 
along with it mechanical matter, such as sand, gravel, etc., and par- 
ticularly, when it is aided by the gna\\ing influence of die atmos- 
phere. Through these agents the whole surface of the dry land is 
kept, more or less, in a state of motion, by their breaking up the 
strata, and removing, with greater or less rapidity, the broken rocky 
matters, fi'om point to point, and often into lakes and seas. 

Water destroys both mechanically and chemically. It destroys 
mechanically, when it removes part of the soil or broken rocky mat- 
ter over which it passes, or corrodes the channel in which it flows, or 
the reservoirs in which it is contained ; it also destroys mechanically, 
when, on being imbibed by rocks, it increases their weight, and thus 
favors their rending, slipping, or overturning ; and lastly, it destroys 
mechanically, when, by freezing in fissures, it breaks up mountain 
masses and rocks. It destroys chemically, when it dissolves particu- 
lar mineral substances, as rock-salt, out of the rocks through which 
it percolates. 

Running waters, in their course from the higher to the lower parts 
of a country, carry along with them the debris already prepared by 
the action of the weather on exposed rocks, and also more or leas 
considerable portions of the strata of the basin in which they flow, 
ilie quantity of abraded matter dcj^ends in a gTeat degree on the 
quantity of sand, or gravel, that the river carries along with it ; for 
running water, when pure, acts but slowly on compact strata, and 
disi)lays its scooping or excavating power, only when carrying along 
with it sand, gravel, and such other matters, which communicate to 
it a mechanical destropng action. As the velocity of the river ^i • 
minishes, its carrying power diminishes ; and, frequently, long before 
it has reached the water into which it dischax^eia \\ae\l, \\. ewmoa onbj 
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fine mud, leaving Uie gravel and larger solid masses in the higher 
parts of its course. The transporting power of water is much greater 
than many are aware of. It is strikingly shown by the enormous 
quantities of rubbish, and great blocks of stone, which are swept 
■ away by rivulets during floods. This transporting power is materi- 
ally assisted by the weight of the rocks, when immersed in the water, 
bemg diminished from one third to one half. The transporting of 
heavy stones by water, in situations where ice occurs, is jissisted by 
the ice, which adheres to them, and which greatly diminishes the 
specific gravity of the mass. 

The influence of lakes is visible in the beaches on the margin of 
many of them, formed of the broken fragments of the neighboring 
rocks. It is still more palpable in the great changes in the neighbor- 
ing country, occasioned by the bursting of lakes. 

The waters of the ocean exercise a powerful destroying effect on 
coasts. K the coasts are bold and rugged, they are \iolently as- 
j saulted by the waves of the ocean ; the crags and cliffs tumble down, 
after being spUt in frightful and irregular succession. The perforated 
rock of Doreholm, on the west coast of Shetland ; the perforated 
rocks described by Captain Cook, near New Zealand ; the Stalks, 
Holms, and Skerries, on the coasts of Shetland, Norway, and Scot- 
land, are effects of the destroying power of the waves of the ocean, 
oonjoined with the gnawing action of the weather. 

On those rftcky coasts where the strata are of unequal hardness, 
the softer portions, and also part of the surrounding harder mass, 
are removed by the action of the waves, and thus sea caves are 
formed* The waters of the ocean also frequently cause dreadful rav- 
ages in the low countries exposed to their friry. Holland furnishes 
many striking examples of its devastating power. In the year 1225, 
the waters of the ocean, agitated by a violent tempest, inundated the 
country. The Rhine, swollen at the same time by extraordinary 
floods, and retained at a great height, partly by the waters of the 
ocean, and partly by the wind blowing in a contrary direction to its 
course, spread over the neighboring country ; but the tempest having 
suddenly subsided, the highly elevated waters retired, and with such 
fiwce and velocity, that they carried with them considerable portions 
of the soil, and left in its place the sea called the Zuyder Zee. In 
the year 1421, a ^eat inundation submerged the southern part of 
the ftovince of Holland, drowned 60,000 persons, and then retired, 
leaving the Bies Boos. 

The agitations of the sea sometimes reach to a depth of upwards 
of ^00 feet ; and the power of the ocean, far below its surface, is so 
great as to break rocks in pieces, and throw them upon tkoi CG^i&\& va. 
masses of various sizes aud forms. Some dri^ a\jOTv^ ol \ax^<6 ^"" 
measaaa, measimng upwmda of 30 cubic feet, or motOi ^ikasY 'I \ft\!fi» 
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weight, have been often thrown from deep water upon the Bell Rodti 
on the eastern coast of Scotland. These large bowlder stones are io 
familiar to the keepers of the light-house erected on the rock, as to 
be termed by them, travellers. 

The currents that traverse the ocean, like rivers on dry land, prbl^ 
ably scoop out beds for themselves, and carry away, often to d&taat 
places, great quantities of abraded matter. The Gulf Stream, and 
othjer branches of the great equinoctial current, may act powerful^ 
in this way ; and the same may be the case with the currents in our 
own seas, and those that enter inland seas, and wind round them, m 
the Baltic and Mediterranean. 

Water, by its own weight, contributes very much to the degndft- 
tion of the surfcice of the globe.* Sometimes great masses of rofk, 
especially those of a soft and porous nature, imbibe much water, bjr 
which their weight is increased, and thus occasions breaking and 
slipping of masses, often of enormous magnitude. Clay beds some- 
times become soft by the filtering through of rain or snow water, 
from the overlying rocks. When these rocks thus lose their support^ 
the clay and superimposed rocks are inclined at a considerable angle ; 
the rocks, in great masses, separate and shde down into the lower 
part of the country. The fall of the Kossberg, in Switzerland, in 
September, 1802, may be mentioned as an example of this phenom- 
enon. This mountain is 5,193 feet high, and lies opposite to the 
Rigiberg, which rises 6,182 feet above the sea. The Rossberg is 
composed of soft greenstone with beds of clay, and all inclined at an 
angle of 45^ to 50°. It is said that the clay in some of the beds 
was much softened by the percolating water, and the thick superin- 
cumbent beds of greenstone, in this way losing their support, were 
separated from the inclined soft surface below, and slid into the valley 
underneath them. This landslip of debris and mud overwhelmed 
several villages, and destroyed from 800 to 900 persons. In 1714, 
the west side of the Diablerets, in Switzerland, separated, and in its 
course downwards, covered the neighboring country with its ruins, for 
two miles in length and breadth ; and the immense blocks of stones 
and heaps of rubbish interrupted the course of the rivers ; and lakes 
were thus formed. In 1618, the once considerable town of Pleura, 
in the Orisons, with the neighboring village of Ichelano, were over- 
whelmed by a vast mass of rock, which had imbibed much water, 
and separated itself from the south side of the Mountain of Corto. 

In those regions of the earth where the freezing and thawing ci 
water take place, the expansive and destro3dng action of freezing 
water is often displayed on a great scale. In the history of northern 
countries, we read many accounts of the noises and ren<fing8 of rocks, 
occasioned hy the expansion of water during its freezing in their fii- 
sures. Terrible disasters sometimes take i^\ac^ m M^\n& ^^oxAnsk 
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by tLe bursting and fall of great masses of rock, split in pieces by 
the freezing of the water in its clefts. 

Water in the form of ice causes considerable changes on the sur- 
face of the earth. Thus, when floated along in great masses by 
rivers, it breaks up their banks, and thus affords them an opportunity 
of devastating the lower country ; and the masses are often so great, 
that enormous heaps of rocks are thereby torn off, and carried to a 
distance. When sea ice is drifted against the chffs and precipices 
along the coast, the breaking and destruction it occasions almost sur- 
pass belief. 

To break, destroy, and move large masses of rock, one of the most 
powerful engines employed by nature, is glaciers. These masses of 
congealed water and snow, in tlieir course downward, push before 
them enormous quantities of earth and broken rocky matter, which 
form those great mounds, named moraines, of which wo have for- 
merly spoken. 

Water generally enters into the fissures of rocks in a rather pure 
state ; but it issues forth again more or less impregnated with min- 
eral matters of various kinds, taken uj) from the substances through 
which it has passed. The most abundant substance brought out in 
this way, from the interior of the crust of the eartli, is hme, which is 
deposited from these calcareous waters in the form of tufa, which is a 
porous hmestone, with an earthy matter mixed in it. Many of the 
excavations in limestone are partly owing to this destroying effect of 
water. Spring water, in passing through beds of gypsum and rock 
salt^ dissolves a portion of these minerals, and in this way occasions 
OHisiderable chau'jfes in the interior, and even on the surface of tho 
earth, by the yielding of the rocks over the hollows formed by the 
nmoval of the salt and gypsum. 



§ XLV. — Forming Effects of Water. 

Springs bring from the interior of the earth, muddy matter of 
various descriptions : and in the course of time, hillocks, and even 
hills of considerable magnitude, are thus formed. 

When lakes are filled up, or are emptied, we find the space for- 
merly occupied by them covered, to a greater or less depth, with the 
alluvial matter brought into them by the streams which flow into 
them. When lakes burst their bf.rrier8 at different times, they leave 
on their sides a series of natural terraces, or platforms, of which we 
have a sj^endid example in Glen Roy. In this valley these terraces 
are known by the name of Parallel Roads of Glen Roy ; because 
tome sxippoBed that they were not natural anaiigemiQSi\k^\raX> "tc^i^^ 
^— " by ib0 ModeDt inliabitants. 
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When rivers are in a state of flood they often overflow their banks, 
and cover the neighboring country \vith their waters. Thus the 
Ganges, near its mouth, in the rainy season, overflows the country, 
to a breadth of one hundred miles, and a depth of nearly twelve 
feet. And the Indus, during the period of inundation, extends thirty 
or forty miles from its banks. This flood carries with it muddy and 
other matters, and deposits them upon the land. It is said, that the 
annual floods of the Nile have raised the surface of Upper Egypt 
about six feet, four inches, since the commencement of the Christian 
era, or four inches in a century. In other countries, extensive de- 
posits, extending along the sides of rivers, are formed by the over- 
flowing of their waters. Where rivers enter lakes and the sea, they 
form triangular pieces of land, called deltas, from the resemblmice <^ 
their form to the Greek letter D, which they called delta. 

These deltas are more strongly marked in lakes than in inland seas, 
and in these seas more than in the ocean, where the depositions are 
much interrupted by currents. The most famous delta mentioned in 
history, is that of the Nile, which has been considerably enlarged 
since the time of Herodotus, but not to the extent stated by many 
writers. At no great distance from the shore of the Delta, the depth, 
of the Mediterranean is about 72 feet ; and further out, the sea suddcoily 
deepens to 2,000 feet, which may be considered to be the original 
depth of this part of the Mediterranean. The deltas of other rivers 
exhibit phenomena similar to those of the Delta of Egypt, and by 
their considerable extent, and annual increase, furnish ample proof of 
the forming power of rivers. That of the Niger is 300 miles long, 
and 170 mSes broad. The delta of the Ganges runs 200 miles along 
the coast, and 220 miles up from its present mouth. 

The allu\^al matter brought down by rivers, not only forms great 
tracts of land at their mouths, but aLso, through the agency of cur- 
rents, assisted by the waves of the ocean, gives rise to extensive 
tracts of low and flat land, which extends along the coasts. Within 
the last 2,000 years, a tract 100 miles long by 18 broad, has been 
formed along the ItaHan coast, round the mouth of the Po. 

When the sea coast is low, and the bottom light sand, the waves 
push this towards the shore, where, at every reflux of the tide, it 
becomes partially dried, and the winds, which often blow from the 
sea, drift, up some portions of it upon the beach. By this fonning 
action of the ocean, sandy flats an. I downs, or ranges of sand hills, are 
formed along the coasts. When this sand is moved about by the 
wind, it forms what is called the sand flood. Westward from the 
mouth of the Ri\'er Findhom, in Scotland, a district consistincc of 
upwards of ten square miles of land, which, owing to its fertUity, 
was once named the granary of Moray, has been depopulated, and 
rendered utterly unproductive by the saad ^ood,^\ndv^aaacoivN«\Rdw 
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It into a barren waste. The sand hills of Barry, at the mouth of the 
Tajr, composed of blown sand, are from 200 to 300 feet high. 

lliese barriers sometimes give way, when the tract is again, for a 
time, covered with the sea ; a new barrier again rises, and the sea is 
again excluded. These operations, on a great scale, would aflford 
alternations of productions of the land and the sea. The sands of 
tiie African deserts may be sea sands, or land sands, or both to- 
gether. 

The bed of the German Ocean supports many of those sandy ac- 
cumulations called sand banks, or simply banks. One of these, 
called the Dogger Bank, extends north and south for upards of 350 
miles. Its average height is estimated at about 78 feet. Various 
shoals in this sea are laid down in charts. Such banks are estimated 
to cover one fifth of the whole area of the North Sea, and they are 
all supposed to owe their origin to the action of currents and tides. 
There can be httle doubt, also, that the Newfoundland Banks have 
been produced by the deposits of the Gulf Stream. 

Springs, in many cases, after dissolving calcareous matter abraded 
from limestone rocks, allow the limestone to crystallize, in conse- 
quence of the escape of the carbonic acid, by means of which they 
held it in solution, and in this way form depositions of calcareous 
sinter, or alabaster, on the roofe, sides, and floors of caves ; or fill up 
fissures in rocks, and form veins ; or if they flow over the surface 
of rocks, they form beds of calcareous sinter or tufa. These beds 
sometimes extend very far, with a thickness of 200 or 300 feet. 

The water of such springs, when collected into hollows, so as to 
form lakes, often deposits vast quantities of calcareous tufa and 
sinter ;* and hence, such lakes, when emptied, present extensive cal- 
careous deposits. The travertine employed at Rome for building, is 
a lake or spring deposit of sinter and tufa. The town of Guanca- 
velica, in South America, is built of a compact calcareous tufa, from 
the calcareous springs in the neighborhood. In the mountain lime- 
stone districts in England, and also in tbe Lias districts, both in 
England and Scotland, the roofe, walls, and floors of the caves are 
dlen elegantly ornamented by numerous varieties of calcareous 
sinter, which form complete columns of various fantastic shapes. 

In the marshes of the great plain of the vast circular valley of 
Hungary, there is a constant deposition of horizontal layers of calca- 
reous tufisi and sinter, which are so hard as to be fit for building ; 
and all the houses of Czelea are constructed of these minerals. 

The pea-stone, a beautiful calcareous carbonate, is formed abund- 
antly from the waters of calcareous hot springs, such as those of 

* If ibe ipjiHer deposited ia light and porous, it \s ternvd^ tufa ot tug ;M ^^ 
kanauigedm solid, concentric l&yers, it forms aintcr. 
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Carlsbad. As these calcareous springs often flow into rirers, a n»t 
quantity of carbonate of lime may thus reach the ocean, where it 
will be deposited in the yarious forms of sinter, tufa, and common 
limestone. The Geysers of Iceland, and those of St. Michael's, in 
the Azores, deposit on the dry land vast quantities of siliceous sinter, 
a mineral which differs httle from opal. The deposit around the 
Geysers is one mile in diameter, and 12 feet thick. In the Azores, 
the deposit is sometimes 30 feet high. Such springs also pour their 
waters into the ocean, and even rise from the bottom of the sea, 
sometimes with such force as to jet above the surface. Their silica 
is deposited on the submarine land in various forms and states, 
according to circumstances. 

Bog iron ore is often found in such situations as to show that it 
has been deposited from the waters of lakes ; and in some countries 
it is collected from the sides and bottoms of lakes at regular inter- 
vals, thus showinor that it is still forminnr in such situations. It is 
also well known that in salt lakes extensive deposits of salt occur. 

Collections of entire and broken sea shells and corals are some- 
times found agglutinated by calcareous, clayey, or ferruginous mat- 
ters, forming banks or beds of considerable extent. Beds of this 
kind, particularly those formed of shells, are met with - in manj 
parts of England. 

In the West Indies, a solid conglomerate of shells and corals lines 
a considerable extent of coast on several of the islands. The cele- 
brated human skeleton from the Island of Guadaloupe, now in the 
British Museum, was found imbedded in a rock oi this descriptaoiL 



DIVISION SECOND. 

GEOGNOSY, OR DESCRIPTION OP THE GENERAL 

STRUCTURE, CONFIGURATION, AND NATURAL 

DIVISIONS OP THE LAND. 



§ L — ^General Distribution and Aspect of the Land. 

The land is arranged into masses of various magnitudes and 
forms. It is not equally distributed, for a much larger portion of it 
oocuiB to the north than to the south of the equator. About the 
middle of the last century, it was asserted that a great continent 
must exist towards the South Pole, in order to counterbalance the 
mass of land in the northern hemisphere ; and accordingly Lieut 
Wilkes, of the United States Exploring Expedition, recently dis- 
covered what is considered an antarctic continent ; but its extent is 
unknown, and will probably long continue so. 

Li February, 1819, land was discovered by William Smith, com- 
mander of an English brig, when the ship was in latitude 62° 40' 
south, longitude 60° west. He traced the coast for 260 miles. 
This land is probably part of the continent. Although a southern 
OHitinent has been discovered, the theories which led former geogra- 
phers to expect it are demonstrably futile. There is no necessity 
whatever for land to produce an equilibrium, as the water woulo, 
under Uie influence of gravitation, always balance itself however 
the dry land happened to be distiibuted. The particular mode of 
this distribution could only afifect the form of the globe, and that 
only very slightly. 

Two grand divisions of the land are named Worlds, viz. : the Old 
World and the N'ew World, The Old World, otherwise called the 
Eastern Continent, extends from south-west to northeast, and com- 
prehends the three sub-continents of Europe, Asia, and Africa, The 
New World, or Western Continent, extends from ii0T\3a. \xi ^oxi^^sei^ 
coE^f^fBheads the sub-continents of North and South, America, 

Oegoaml direction of the land in the two WotVda^Sa 3aS«i«& 



I 
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In the Old, it is almost parallel with the equator : while in the New, 
it is perpendicular to the equator. The longest straight line that can 
be drawn in the Old World, begins on the western coast of Africa, 
from about Cape Verd, and extends to Bhering's Strait, on the . 
north-east coast of Asia. This line is about 11,000 miles in lengtL 
A similar line, traced along the New World, from the Strait of Ma- 
gellan to the northern shores of North America, measures 9,000 
miles. The New World runs much further north than the old, and 
its frigid parts are comparatively much more extensive, while its 
torrid regions are much less. Tlie difference in the climates' of the 
two Worlds, seems to depend ujx)n this fact. 

The i)eculiarities of the isthmuses that divide each continent mto 
two very unequal parts are quite striking, that of Suez being com- 
posed entirely of sand, while that of Panama is formed by rocks of 
granite and porphyry. The Old and New Worlds resemble each 
other in several respects. Thus, seas and bays are distributed all 
over the coasts of Europe and Asia, while Africa is not penetrated 
by a single one ; in the New, there are innumerable bays and gulfe 
on the eastern side, while on the west we find only the Gulf of Cali- 
fornia. Both Worlds are divided into two parte, joined by an isthmus ; 
both have an archipelago on the eastern side, and their peninsulas all 
taper to the south. 

Besides the Old and New Worlds above described, there occur, 
dispersed through the ocean, numerous smaller masses of land, form- 
ing islands of various magnitudes and forms. Those islands situated 
near the continente, are considered as belonging to them. Thus, the 
British Isles belong to Europe, those of Japan to Asia, the West 
India Islands to America, and Madagascar to Africa. But, besides 
these, there are other islands or groups of islands, situated at a dis- 
tance from continente, and which cannot be referred to any of the 
preceding divisions. These are all included under one grand division, 
and arranged into the three sub-divisions mentioned in our account 
of the oceans. 

The surface of the land presente great variety in aspect, forming 
mountains, hills, valleys, and plains. The most general of these 
features, are what the geographers term highland and lowland. 
Highlands are lofty, uneven, and widely-extended masses of land ; 
thus the mountainous tract of country, extending from the Naze of 
Norway to the North Cape, is a highland. Lowlands are widely- 
extended, low, and flat countries ; thus the northern part of France, 
the Netherlands, Holland, part of Germsmy and Silesia, Poland and 
European Russia, form what may be called the great European low- 
lands. 

In a bighlandf the central parte are genexaUy tbATttost i\x^^ed and 
Joftjr, while the exterior districts, those wl:iic\i \>oTd«t on \3tva Wii\»sA> 
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are lower and less rugged. The central part is named Alpine; the 
lower, and the exterior part, kill^. The Alpine part of a highland 
is composed of a central and lofty chain, named the Central, or High 
Mountain Chain, towards which there tend a greater or less number 
of lateral or principal ; and from these, again, diverge subordinate 
chains. The High Mountain Chain forms the water-shed of the 
district ; and the hollows that traverse the upper part of this chain, 
are called passes. On passing from one side to another of the 
Alpine land, we do not always travel through a pass, but sometimes 
cross a comparatively flat tract of country, many leagues in extent ; 
such as these are named table-lands. In crossing from Norway to 
Sweden, we pass, in some parts, across a table-land ; and also in 
travelling from Vera Cruz to Acapulco, by Mexico. The inclined 
planes on which the lateral or principal and subordinate chains are 
distributed, are named the acclivities of the highland. The hollows 
that separate these chains from each other, are called valleys. Those 
valleys bounded by principal chains of mountains, are called principal 
valleys ; while those that lie between subordinate chains, are called 
vuhordinate valleys. The hilly or lower part of the highlands, is 
composed of comparatively low and less rugged chains, called chains 
of hills, which are irregularly grouped, being entirely mthout a high 
mountain chain. The valleys in this hilly land are shorter, less 
steep, and not so rugged, as in the Alpine or more central part of 
the highland. 

Lowland is formed entirely of extensive plains, little elevated above 
the level of the sea, in which we occasionally observe gentle risings 
and undulations of the surface, that often extend to a considerable 
distance, and sometimes form the hmits between neighboring rivers. 
Xow and then, conical and table-shaped hills rise up singly and sud- 
denly, as is the case with volcanic and igneous hills. The plains of 
lowland are characterized by the presence of particular hollows or 
concavities, which are named river courses or river valleys, because 
in tiiese rivers flow. In such hollows, we distinguish the bed or 
channel of the river, and the holm or bottom land. We also fre- 
quently distinguish the high and low banks of the river, and the 
ravines or small valleys, bounded by the high banks. There is still 
another kind of hollow, met with in the lowland ; it is that in which 
shallow or inconstant lakes are contained. 



§ 11. — Coasts and Caves. 

The margin of the land, where it meets the watftt^ oi \k^ <^c3K8s^ 
IS called b^ the general name of coast. It \me& m \\a ^s^^ 
Sametiines it h low and shelving, and thou \lie iiei^)Q!t>oxvsi^ ^fta» >a 
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shallow to a considerable distance ; at other times, it is steep, lofty, 
and rugged, and then the sea is deep. In many parts, the coast iH 
low and sandy, and the sand is occasionally blown into hills, of whidr 
we have spoken above. 

Some shores are broken and steep. This happens when a maat 
of rock extends, either beneath or above the surmce of the soil, quite 
to the water, as in Gallicia, in Bretagne, in Norway, and in Scot- 
land. Of these some are abrupt and broken, consisting of various 
masses of rock united at their bases, either above or beneath the 
surface of the water. These rocks often form clusters of islands, 
which surround the coasts. Such are the "garden of the king," 
and " garden of the queen," in Cuba ; — ^the Archipelago of Mergui, 
in India ; — ^the coast3 of New South Wales, — and the Skiergord of 
Norway and Sweden. This class owes its peculiarities to the presence 
of either primary rocks or of coral reefs. Some shores again are 
equally steep above and below the surface of the water, leaving the 
sea itself quite free ; these are, strictly speaking, the " steep coasts." 
Such frequently are those of the Mediterranean and Black Sea. 
Those of Dalmatia, and some parts of the Grecian Archipelago, 
more properly belong to the former division. 

On the side of the Pacific Ocean, the American coast is uniformly 
steep from Cape Horn to Bhering's Straits, forming the longest 
continuation of steep shores upon the globe. Mariners call a coast 
bold or bluff, when it meets the ocean with a rapid declivity, and 
clear, when it is not bristled with rocks. 

Low coasts are formed by land of a softer quahty, approaching 
the water by a gentle and gradual slope. These may be classed 
into coasts formed by hills, and flat coasts formed by sands and 
substances which the sea has deposited. These appear under the 
form of sandy or marshy plains, and extend a long way into the 
sea, leaving the water mx>TQ or less shallow. They are, however, of 
various kinds, sometimes consisting of the sidas of low hills round 
which the sea has collected masses of sand, which are either fixed 
or shifting, and sometimes of a sort of downs formed by the sea, to- 
gether with soil deposited by large rivers, as in Holland, in Egypt, 
and at the mouth of the Mississippi. A collection of slimy matter 
is also sometimes formed by the ocean, as in the flat and flooded 
lands, on the shores of French Guiana. The low coasts are some- 
times exposed without any natural rampart, to all the fury of the 
waves, and then it is hard to determine whether they constitute a 
part of the land or of the sea. Others are secured by a chain of 
downs that are fixed and mingled with rocks, like those of North 
Jutland. It was only by a skilftd and persevering imitation of 
tAese natural harriers, that the Dutch xeGO^ei^ tk^ w»L q£ thjdc 
oouatrjr £r>m the emjAre of the ocean.. 



. TABLK<LAND8, OR PLATEAUS. 8T 

There are cavities of greater or less extent, which are either open 
to the light of day, in which case they are named external or open 
caves, or they are more or less concealed in the interior of the rocks 
in which they are contained, forming what are named internal caves. 
Both kinds are found most frequently in limestone rocks. 



§ ni. — ^Tablk-lands, or Plateaus. 

We must distinguish mountains from table-lands, or jplateaus, 
which consist of great masses of elevated land, commonly forming 
the centre of continents or of islands, but the sides of which are long 
and extended, and with but little apparent declivity. A plateau- 
may have upon its elevated surface, mountains, plains, and valleys. 
They are generally rather level ; but some of them are sufficiently 
inclined to allow the waters which accumulate upon them, to flow 
down. There are others which preserve the same level throughout a 
great extent, and where the rivers do not find any outlet. Some 
plateaus of the latter sort are met with in Europe, but they are all 
of small dimensions. The larger plateaus are found in Tartary, 
Persia, Central Africa, and above all, South America, where, in the 
vicinity of the Andes, the pampas form one of the most striking 
and beautiful features of the country. 

The declivities of table-lands present to the inhabitants of the low 
countries at their base, the appearance of a long chain of mountains. 
The whole of Central Africa is supposed to be a vast table-land, 
descending by successive terraces, towards the coast, on all sides. 
The interior of Asia is composed of a succession of these lofty plains, 
of which we shall mention the most remarkable. The Persian 
table-land comprises nearly all the country south of the Caspian and 
Black Seas, from Asia Minor to the Indus, including Armenia, 
Georgia, Curdistan, Persia, and Afghanistan. This region is from 
2,500 to 6,000 feet above the sea, with an area of 1,700,000 square 
miles. The great table-land of Thibet is from 4,000 to 17,000 feet 
high, with an area of 7,000,000 square miles. 

The central part of Spain is a lofty table-land of about 2,200 feet 
in height, with an area of 90,000 square miles. Between the Alps 
and the Jura is the Swiss table-land, about 3,500 feet in height. 

Of American table-lands, one of the most remarkable is the Mex- 
ican. On the eastern and western coasts are low countries, from 
which, on journeying into the interior, we immediately begin to 
ascend, cUmbing, to all appearance, a succession of lofty mountains. 
But the whole interior is, in fact, thus raised into tlift «.\t ^cyK\. ^Ji^^ 
to 8,000 idet This conformation of the country \va&TcvQ»X.\\fi:!^'^ 
ant moad and physical results ; for, while it givea tJi^ \a^>\5AasA^ ^^ 
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wliich tlie population is chiefly concentrated, a mild, temperatOi 
healthy climate, unknown in the burning and deadly tracts of low 
country, into which a day's journey may carry the traveller, it also 
shuts out the former from an easy communication with the sea, and 
thus deprives it of a ready access to a market for its agncultural 
productions. Carriages pass without difficulty on the summit of the 
table-land for hundreds of miles, from Mexico to Santa Fe, but can 
descend to the eastern and western coasts only at a few points, owing 
to the steepness of the descent. This plateau has an area of about 
800,000 square miles. A large part of New Grenada and Ecuador 
is situated at an elevation of from 5,000 to 9,000 feet, and contains 
populous cities, (such as Quito and Bogota,) 8,000 or 10,000 feet 
above the level of the sea. 

Another of these table-lands includes an extensive tract in Peru, 
BoUvia, and the States of La Plata, stretching from 6^ to 26^ south 
latitude, and raised above the sea to the height of from 4,000 to 
10,000, and even 12,000 feet. These great plateaus were each the 
centre of a native American civihzation, at the time of the discovery 
of the continent. 



§ IV. — ^Aspects of Mountains and Peaks. 

Mountains, in their exterior forms, present . some varieties which 
strike even the most inattentive observer, and which, at first sight, 
may lead us to presume that there is some difference in their inter- 
nal composition. The highest mountains most frequently present a 
surface of naked rock, but the nature of the rocks produces varieties 
in their sections and outlines : here they shoot up into the form of 
enormous crystals, with sharp angles, heaped up and supported by 
each other : in another place, vast and elevated masses are crowned 
with circular summits, which rise into the air with less boldness. 
Sometimes there appears an immense steep and abrupt surface, which 
lays open to view the interior structure of the mass. 

Next in order to these broken, arid, and steep summits, we see 
mountains, the forms of which bear a character of tranquiUity, — an 
indication of their slow and successive formation. These mountdns, 
which are formed by layers variously inclined, generally exhibit an 
infinite variety of forms, in consequence of the changes to which, 
from numberless causes, they have been subjected. In one place a 
vast amphitheatre is seen rising in majestic and regular gradation ; 
in another, there is a large mass cut perpendicularly, and presenting 
the form of an altar, like the Table Mountain at the Cape of Good 
Hope, Some mountains have the appearance of the head of a dragon, 
9 tiger, or a bear. In other places you see a \a\>^im\koi lo^f^sov!^ 
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like pillars, or in one single mass, in the form of a large nine-pin, as 
Mount Aiguille, in the province of Dauphine ; and near Envioune, 
in the Valais, are seen some which recall the figure of the old French 
frizzled wigs. But the most common appearances are those formed 
by layers of stones, in an undulated, or furrowed shape. 

After these mountains of the second rank, we find hills, more or 
less lofty, which, on all sides, present to the eye but httle elevation, 
and a gentle declivity. These hills, furrowed by streams, often grad 
nally slope away, and at last lose themselves in the plains. Some- 
times their sides are so rugged and precipitous, as to produce on the 
mind almost all the picturesque eflfect of high mountains. 

The peaks, or highest parts of mountains, formed by volcanic 
agency, differ very much from the usual forms. Their conical, or 
pyramidal masses, are distinguished by their regularity, even when 
they have been broken off, or truncated by some accidental cause. 
Their towering summits seem to menace the neighboring country. 

Basaltic mountains, also, present an appearance not less striking, 
when they are not covered or concealed by other soil. Their sides 
display to the view close ranges of immense pillars, or causeways, 
which seem to be the production of giants. 

Some mountains present the appearance of having been bored 
through. The Pierre Pertuise, in Mount Jura, and Pausillippo, near 
Naples, are instances of this kind. The Torghat, in Norway, is 
pierced by an opening 150 feet high, and 3,000 long. At certain 
seasons of the year, the sun can be seen darting its rays fi'om one 
extremity of this vault to the other. In New Zealand is a rocky 
arch, through which the waves of the sea pass at high water. These 
phenomena differ from caverns, only from the circumstance of having 
a passage entirely through. 



§ V. — Mountain Chains. 

Some mountains are completely isolated, particularly those of a vol- 
canic origin, or of a calcareous nature. The Rock of Gibraltar, and 
the fortress of Gwalior, in Hindostan, are of this description. 
Mountains, however^e seen most frequently in groups. Sometimes 
chains branch out from a common centre, in angular directions. 
Sometimes the centre mass itself is a lofty chain, whence, at different 
periods, secondary chains have apparently been formed. The Alps 
may be placed in this class. Sometimes we see irregular groups of 
several chains, among which none can be distinguished from the rest. 
Such are the collections of mountains in Asia Minor, and in Peteie^ 
But the most remarkable sorty are the long, conii^\ife^ ekmxfi.^ ^^^Vfik.^5^ 
23^0 the Cordilleras of the Andes, in Soutii Amencab^ ciotvNj^jKsi^ ^^x 
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hundreds and thousands of miles, nearly in one constant direction, 
having on both sides, regular ranges of inferior mountains, but send- 
ing off few secondary chains. These great chains evidently bear the 
stamp of high antiquity. 

In general, all the mountainous chains on the same continent seem 
to have a mutual connection, more or less apparent. They form a 
sort of frame-work to the land, and appear to have determined, to 
some extent, the form it was to assume. There are many chains 
which have very little, or no affinity to each other. Such are the 
mountains of Scandinavia and of Scotland ; mountains as inde- 
pendent as the character of the natives who inhabit them. 



§ VI. — Declivities of Mountains. 

Mountains, whether insulated or in groups, exhibit, on both sides, 
dechvities which are either gefitle and long, or rapid and broken. 
Most principal mountains have one of their sides very steep, and the 
other a gradual slope. The Alps, for instance, are much more rapid 
and steep in their descent on the Italian side than on the side of 
Switzerland. On the contrar}'^, the Daufrines, or Scandinavian Alps, 
have a much steeper declivity on the west and north-west, than 
towards the south-east. The Pyrenees ai-e steeper towards the south 
than on the north. The mountains of the Asturias are the reverse. 
But those of the Sierra-Morena, and particularly the Alpujarras, in . 
Grenada, seem to be steepest, and most abrupt towards the south. 
Mount Atlas and Mount Lebanon border the Mediterranean with bold 
and craggy declivities. The latter is far from steep near the Eu- 
phrates. Mount Taurus exhibits two difierent declivities : in Gara- 
mania and Natolia, the descent is very abrupt towards the south, and 
there are a number of plateaus towards the north ; in Armenia, the 
declivity on the north side is very rapid. The Ghauts of India have 
precipitous hills towards the west, and long, gentle slopes towards tho 
east. In general, this inequaUty in dechvities takes place only be- • 
cause the chains of mountains, when most distinct, are in a great 
measure nothing but the abrupt borders of long upland plains, or 
plateaus, obhquely inclined, of which the surfac^f the globe appears 
to be composed. We must distinguish the mountains which descend 
by degrees, from those which decline by successive banks. The lat- 
ter may have been caused by the action of water, in the mannei 
pointed out in Division First 



USES OF MOUKTAINS. — ^YALLETS. 91 



§ VII. — ^UsES OF Mountains. 

In the benevolent purposes of Prondence, these great elevations 
jf the earth's surface are made subservient to the well-being of the 
animal creation, and to the health and happiness of man. Rising 
into regions of perpetual ice and snow, they serve, in hot cHmates, to 
cool the burning air, and to fan with delicious breezes the heated 
breath of exhausted creation, and ward off pestilence, by purifying 
the atmosphere, and exciting fresh sources of vitality in the panting 
and languid system. They are the reservoirs of rivers, suppljring the 
&iHng or exhausted streams in the low countries, during the summer 
and dry seasons, with copious torrents from the melting snows. They 
are storehouses of the richest minerals, and thus may be considered 
as mines of wealth. They increase the surface of the earth, and give 
richness and diversity to its vegetable productions. They frequently 
aSbrd shelter from the piercing blasts, and by reflecting the sun's 
rays, they afford a genial warmth. By attracting the driving clouds, 
mey cause the land to receive an increased amount of the " dews of 
heaven." 



§ Vm.— Valleys. 

Valleys are formed by the separation of chains of mountains, or 
of hills. Those which are found between high mountains are com- 
monly narrow and long, as if they had originally been only fissures 
dividing their respective chains, or for the passage of extensive tor- 
lents. The angles of their direction sometimes exhibit a singular 
fljmunetry. " We see in the Pyrenees," says M. Rajrmond, " some 
falleys, whose salient and re-entrant angles so perfectly correspond, 
that if the force which separate them were to act in an opposite 
Election and bring their sides together again, they would unite so 
endly, that even the fissure would not be perceived." This fact has 
been observed in the Alps, for the first time, by Bourquet. There 
aie some vallejrs situated on a high level, totally different. We see 
some, which have a great extent in length, without being cut into 
any angles whatever, forming a sort of elevated plain. Such as these 
generally he on the side of the principal chains. There are others, 
wfaieh are large and swelling ; they appear to have been basins of 
some ancient lake which had become dry, from the breaking down 
o£ the bank or dam formed bv the surrounding mountains. 

There are also some elevated valleys, containmg Tv^et* «cA \8k<^^ 
ivhich have no outlet There is a remarkable exacre^Xe oi \3tfia ycl^^sv 
bige r^ey which contams the Lake of Titicaca, mP^rw. C«£toSi 
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Asia abounds in such valleys. Several, nearly of the same sort, are 
to be found in other countries. High valley^ present some remark- 
able circumstances as to their form. Some have declivities equal on 
all sides ; others slope only on one side, and to a great extent^ while 
the opposite side is steep, rough, and abrupt. Most of these high 
vallep have their surface upon a level with the summits of the sec: 
ondary mountains in the neighborhood. In a few instances, these 
valleys have been observed to enlarge themselves at diflferent and 
successive periods, but gradually to become identified with the plains. 
They have been, for some ages, completely barred and confined by 
some projecting angle of the chain of mountain which girds them in. 
Some valleys, lying between opposite mountainous chains, are of 
great extent, comprising whole provinces or countries. Such are the 
great valleys of the Ganges, in Asia, and of the Mississippi, in North 
America. Some are situated far above the level of the ocean, though 
sunk deep below that of the adjoining country. Such are the Chota, 
near Quito, which is 5,000 feet deep, and that of Rio Gataca, in 
Peru, which is 4,000 feet. Bootan, and Nepaul, are deep valleys of 
Asia. Those of the Po, of Savoy, of the Tyrol, in Europe, are in- 
stances of the same kind, though of less extent. 



§ IX.— Plains. 

By plains we understand extensive tracts of lowlands whose sur- 
fece is, in the main, broken slightly, or level, or covered with gently 
swelling and subsiding eminences, or by inconsiderable and almost 
imperceptible depressions. They are found of eve^ stage of fertihty, 
from the inexhaustible fecundity of the Egyptian Delta to the irre- 
claimable sterility of the sandy deserts. 

America contains vast plains, one of which extends from the shores 
of the Arctic Ocean to those of the Gulf of Mexico, and fi*om the 
Rocky Mountains to the Alleghanies. This plain embraces the valley 
of the Mississippi, the St. Lawrence, the Nelson, the Churchill, and 
most of those of the Missouri, the Mackenzie, and the Coppermine, 
including an area of 3,240,000 square miles. 

Another great plain comprises the central part of South America, 
extending over an area of 3,000,000 square miles, including more 
than one half of Brazil, the southern part of New Grenada, the 
eastern part of Ecuador and Peru, and the northern part of Bolivia. 
The moist and warm chmate of this plain, clothes it with a luxuriant 
and gorgeous vegetation, nowhere equalled. The plain of the La 
Plata, extending fi-om the Mountains of Brazil, to the Starait of M»- 
^ellsn, comprehends the whole of the southern part of South Amer- 
W(^ east of the Andes, with an area of 1,020,000 ao^jaai^ xcSl^^. 
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The plain of the Orinoco, termed the llanos, including the region 
extending from the Caqueta to the mouths of the Orinoco, has an 
area of 350,000 square miles. These two are distinguished from 
the great plain of the Amazons, by the absence of trees, and the 
Tnde, grassy tracts that cover their surface. 

The most extensive plain on the surface of the globe, is the vast 
tract stretching from the shores of the North Sea to the Pacific Ocean, 
and broken only by the Ural Mountains. It has an average breadth 
of 1,400 miles, and a length of 6,000, comprehending an area of 
6,500,000 square miles. It comprises extensive heaths, sandy deserts, 
and steppes or open pastures, and has few considerable forests. 



§ X. — ^Deserts. 

Deserts are tracts of greater or less extent, utterly sterile, and in- 
capable of supporting vegetable or animal life. These frightful soli- 
tudes, destitute of water or of verdure, present plains of sand, or 
shingle, interspersed with not less barren and arid heights, and ex- 
hibiting no indications of animated beings. In some, parched by a 
scorching sun, burning winds, charged with poisonous exhalations, and 
columns of moving sands, add to the horrors of tlie scene. But 
even these desert regions, are interspersed here and there, with httle 
fertile tracts, rising like green islands out of the sandy ocean, well 
watered and well wooded, and affording shade and refreshment to 
the exhausted traveller. These spots are called oases or waddies. 

The most extensive of these desert tracts, is the great sandy zone 
which stretches from the Atlantic Ocean across Africa, and Central 
Asia, nearly to the Pacific, or to 120° E. lonjr. It includes nearly 
one fourth of the two continents through which it passes, covering 
an area of 6,500,000 square miles. Sahara, or the Great Desert of 
Africa, Arabia, and the plateaus of Persia and Thibet, present the 
most continued surface of sand. 

America is characterized by the general absence of deserts ; and 
it has been estimated that, although its smface is only half of that 
of the old world in extent, it contains at least an equal quantity of 
productive soil. The pnnci]:)al American deserts are those of Alta- 
camd, a belt of sand extending from the northern part of Peru, with 
many interruptions, to Copiapo in Chili, a distance of 1,700 miles, 
with a width of from 10 to 50 miles ; the desert of Pernambuco, 
which is also an arid waste of sand ; and the great desert west of the 
Mississippi, which is about 1,400 miles long, and 400 broad, although 
this range exhibits some productive valleys. 
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§ XI. — ^Pboductive, Trebless Plains. 

The surface of the earth contaias several extensive tracts, which, 
although possessing a productive soil, are yet, in their natural state, 
entirely destitute of trees, and in general spread out into wide, un- 
broken plains. Such are the extensive open pastures of the great 
plain of Northern Europe and Alia, called stqypes, the karroos of 
Southern Africa, the prairies of North America, the llanos, and 
pampas^ of South America, and the heaths of Europe. 

While the whole Atlantic slope of North America, south of the 
St. Lawrence, and the region west of the Rocky Mount^dns, were 
naturally covered with a dense forest, the great plain before de- 
scribed formed what Darby calls the grassy or prairie section, con- 
sisting chiefly of unwooded but fertile plains covered with a rich 
herbage, affording immense natural pastures, though occasionally 
degenerating into bare and arid wastes, as in the tract mentioned in 
the preceding section. 

In Venezuela, the wide plains called llanos are, for half the year, 
covered with a luxuriant verdure, but, during the dry season, be- 
come parched and burned, so as to resemble sterile wildernesses. 
The pampas^ which occupy a large part of the plain of the La 
Plata, are dotted here and there with palm groves, and in some 
places overgrown with thistles, or incrusted with salt ; but, for the 
most part, they are covered with rich herbage, feeding countless 
herds of cattle. 

Some of the steppes of Asia are merely sandy plains, bearing a 
few stunted shrubs, and exhibiting only occasional spots of verdure : 
others are covered with herbage, and afford good pasturage for the 
numerous herds of the pastoral tribes that roam over them : others 
bear saline and succulent plants, or are coated with sahne incrusta- 
tions. Tlie karroos of Southern Africa are tracts of arid clay land, 
bearing some succulent plants ; but the meagre vegetation which 
clothes them with verdure and adorns them with flowers, during 
the rainy season, disappears during the heats of summer, giving the 
country the aspect of a parched and barren plain. 

The jungles of India are tracts covered with dense and impene- 
trable masses of vegetation, crowded and twined together, consisting 
of thorny and prickly shrubs, of every size and shape, and even canes, 
which in a few months shoot up to the height of 60 feet, and creep- 
ing plants and bushes, which form impassable barriers even to an 
army. 



PA8SSS ATSD DXULKS. — ^IBLANDS. M 



§ Xn. — Passes and Defiles. 

The narrow passage by which we enter into valleys, is called a 
Pass, or Defile ; and, as formerly, each valley contained a small 
independent tribe, or nation, these passes are called by the French, 
Partes des Nations^ (Gates of the Nations.) Such are the passes 
of Caucasus, — the Caspian Passes, — ^the Pass of Issus, rendered 
celebrated by the victory of Alexander, — ^that of Thermopylae, im- 
mortalized by the devoted patriotism of Leonidas and his band of 
Spartans, and the Furculoe Caudince, or Caudine Forks, where 
Rome saw the glory of her unjust arms deservedly tarnished. 
There is one of these passes between Norway and Swedtu, near 
Skiaerdal, formed by several masses of rock, cut by nature into long 
parallelograms, which have between them a passage shut in by 
perpendicular walls. Another of the same kind is at Portfield, 
(Gate-mountain.) These openings exactly resemble those by which 
the Hudson River passes through successive chains of mountains, 
which seem desirous of checking its course. The Cordilleras of the 
Andes present the most stupendous passes of this kind that are 
known. They are from four to five thousand feet deep. The lower 
valleys appear to us under a very different aspect ; they widen as 
they recede from the secondary mountains from which they origi- 
nate, and giiadually lose themselves in the plains. Their opposite 
angles generally correspond very regularly; but these angles are 
very obtuse. 



§ Xni. ^ISLANDS. 

Islands of great extent exhibit, on a small scale, the same appear- 
anoes as continents. The smaller islands, however, deserve a distinct 
consideration. These may be classed in various ways: they are 
single, or in groups, or chains. Among low or flat islands, there are 
some which are only banks of sand, scarcely raised above the surface 
of the water. Sometimes they consist of masses of shells, or petri- 
fications, as the Isles of Lachov, north of Siberia, which are nothing 
but masses of ice, sand, and the bones of the mammoth. Many of 
the islands of the Pacific were formed, or at leitst enlarged, by polypi, 
and are composed mainly of coral rocks. Of the more elevated 
islands, we find many which are of' volcanic origin. Such are the 
Sandwich Islands, the Society Islands, the ^Marquesas, and several 
others in the Pacific. In several instances, the voWwoQi^\vwi<i e«^- 
tinueJ to discharge lava from their crater, in a\\ d\Tee\Aoift, \3ccvMA^V5 
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slow and gradual acciimulation, they Lave formed those vast and 
lofty peaks, which serve as landmarks to the distant mariner. 

When groups of islands are i>laccd near each other, we may fairly 
conjecture that they are only the summits of one extensive suomarine 
mass. So, also, when they appear to follow one constant direction, 
they probably form only the eminences of a chain of submarine 
mountains. Such, when situated in the same line with the pi-omon- 
tory of a continent, may be considered as a continuation of the chain. 
Thus, it is evident that the Kurile Islands connect Jesso with Kam- 
schatka, in the same way as the Great and Little Antilles connect 
the two continents of America. But, to make the ob8er^'ation hold, 
the intervals which separate the islands must either be very small, 
or be filled up witli roclts and shoals beneath the surfece, so as to 
preserve unbroken the cpntinuity of the bases of these submarine 
mountains. Thus, we must not consider Iceland, the Faroes, and the 
Shetland Isles, as a continuation of the Norwegian Mountains, be- 
cause a deep sea intervenes. Their geological structure indicates, 
that they are rather connected with the British Isles. 



§ XIV. — General Arransement of the Great Mountain 
Chains, and Aspect of the Continents. 

K we draw a hne from the centre of Thibet, across Mongolia, 
towards Ochotsk, and thence towards Cape Tchutchi, on the e&stem 
promontory of Asia, this hne will, in general, coincide with an im- 
mense chain of mountains which run from south-west to north-east, 
and everywhere descend very rapidly towards the Indian and Pacific 
Oceans ; while, on the other hand, they extend themselves towards 
the Arctic Ocean, in plains and secondary hills. The case seems to 
be the same with the Afi-ican Mountains. Now we may consider the 
lofty and steep Mountains of Arabia Felix, as the link which connects 
the Mountains of Laputa, and the Mountains of the Moon, with the 
Plateaus and Mountains of Persia and Thibet. Ajjain, from Bherinff's 
Straits to Cape Horn, if we follow the western coasts of America, 
we shall find one unbroken chain of the highest mountains of our 
globe. This chain occasionally bends a little into the interior, but 
more frequently, it closely borders on the oce:-in with a range of steep 
and bold shores, and sometimes with the most tremendous precipices. 
On the other side, the outlet of lakes, and the direction of the great 
rivers, evidently show that the whole, or nearly the whole, surface of 
America inclines to the Atlantic Ocean. It follows from these facts, 
'lat the greatest chains of mountains upon the fiice of the globe, arc 
anged in a circle round the Pacific and Indian Oceans ; and, also, 
that they more froquenUy exhibit steep aT\d tiv\a^ ^cs>c^xv\& W««s^ 
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!3iat immense basin which they surround, and long and •oui}vmi(jvoly 
gentle decli\ities on Uio opposite coasts. In short., from i}ie Capo oL 
Good Hope to Bhering's Stniits, and thence to Cape Ucrn. t!i<j eye, 
even of a nice and fastidious observer, cannot fail to diic' vor some 
links of an arrangement as striking from its uniformit}'. rjs from the 
immense extent of country which it embraces. 

Let US now suppose ourselves placed in New South Wales, with 
our face turned toward the north. We shall see Amcricn on the 
right, and Africa and Asia on our left. These .continents, wliicli, not 
long since, even in imagination, we could not consider a^ at all ap- 
proaching each other, being examined from this point of \uw, form, 
as it were, one whole, the structure of which exliibits, in its gi*and 
features, a most remarkable symmetry. A chain of enormous moun- 
tains surrounds a vast basin ; this basin, divided into two by a large 
mass of islands, frequently washes with its waves the base of this 
great primitive chain of the earth. But when did this unmense 
chain of granite and porphyry shoot up from the bosom of the waters ? 
Or, when did those lofty secondary mountains sink into the depths 
of the ocean, and by their simulumeous submersion, form that steep 
and abrupt range of coast, which predominates over our globe ? 

I Let us return to the old continent, and recollect, that the vast re- 
gions of India and China, contrary to many theories, m-e placed to 
the south of this great girdle of mountains ; that the peninsula be- 
yond the Ganges even joins that astonishing group of broken, and 
intersected countries, which fill the centre of the great basin ; and 
^hat this is, as it were, the hnk which connects with the present conti- 

I "^nent those grand remains of a former continent, which seems to have 

! '"^disappeared. 
^ If we consider, under the same point of view, the whole extent 
of the two continents, we shall perceive that the greater part of 
the plateaus and the chains of mountains incline very generally 
to the Atlantic and Northern Oceans. That extent of waters, 
vast as it is, appears then, only like a canal compared with the great 
Padfic ; and the steep coasts which border the Atlantic, are nothing 
in oompanson with those of the Cape of Good Kope, and of Gardafui, 
with the precipices that surround the seas of Kamschatka, of Peru, 

\ and of Chili. 

I It was formerly supposed that mountains increase in height as we 
' approach the equator ; but when we remember that the highest of ' 
the Himalays — the most elevated in the Old World, — and the highest 
of Uie Andes — ^the most elevated in the New World, — are both be- 
yond the tropics, and that very high mountains have been discovered 
boUi in the Arctic and in the Antarctic regions, such an opinion will 
I be seen at once to be quite erroneous. 
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§ XV. — ^Table of the Heights op the Principal Moitntaxm 

IN the World. 



I. NORTH AMERICA. 



Name. 

Mount St. Ellas, 


Coontry. Height 

Russian Territory, 1Y,7Y5 feet 


Popocatepetl, 


Mexico, . . . 


. . 17,717 


it 


Orizaba, 


* . 


. . 17,374 


i< 


Iztacihuatl, 


u 


. . 15,705 


M 


Mount Hooper, 


British Territory, . 15,690 


i< 


Nevada of Toluca, 


Mexico, . . , 


. . 16,542 


iH 


Sierra Nevada, 




. . 15,170 


II 


Mount Fairweather, 


Russian Territory, 14,925 


i« 


Long's Peak, 


Indian Terrify, 


U. S. 13,430 


(i 


Mount Perote, 


Mexico, . . 


. . 13,413 


tt 


Volcan de Fuego, 


Guatemala, . . 


. . 13,160 


(i 


James' Peak, 


Indian Terrify, 


U.S. 11,500 


tt 


Sierra de Cobre, 


Cuba, . . s 


about 9,000 


tt 


Grand Serrania, 


Hayti, . . 


" 9,000 


tt 


Blue Mountains, 


Jamaica, 


. . 7,277 


Ii 


Black Mountain, 


North Carolina 


I, . 6,470 


tt 


Mount Washington, 


New Hampshii 


e, . 6,428 


tt 


Mount Marcy, 


New York, 


. . 5,300 


tt 

• 


Mansfield Mount, 


Vermont, . 


. . 4,279 


tt 


Peaks of Otter, 


Virginia, . 


. . 4,260 


tt 


Round Top, 


Catskill, N. Y. 


. 3,800 


tt 


High Peak, 


u 


. . 3,700 


tt 


n. 


SOUTH AMERICA. 






Mama. 


Country. 


Height 




Aconcagua, 


ChiU, . . 


. . 23,^10 feet. 


Sahama, 


Peru, . . 


. . 22,350 


tt 


Chimborazo, 


Ecuador, . 


. . 21,424 


ii 


Acohuma, 


Bolivia, . . . 


. 21,286 


4i 


nUmani, 




. . 21,140 


u 


Volcano of Arequipa, 


Peru, . . . 


. . 20,320 


M 


Cotopaxi, 


Ecuador, . 


. . 18,875 


tt 


Volcano of Tolima, 


New Grenada, . 


. . 1^020 


tf 


Volcano of Purace, 


ii 


. 17,034 


tt 


Mountain of Potosi, 


Bohvia, . . . 


. . 1C162 


tf 


Pichincha, 


Ecuador, . . 


. . 15,^24 


tt 


Silla de CaraccHs, 


Venezuela, . 


. . 8,600 


tt 
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Name. 


Gonntiy. 


Heiglit 


Dukla, 


Venezuela, . 


. . 8,280 feet 


Roraima, 


Guiana, . . 


. . Y,460 « 


Organ Peak, 


Brazil, . . . 


. 7,400 " 


Mount Sarmiento, 


Terra del Fuego, . 6,900 ** 


Mount Stokes, 


Patagonia, . 


. . 6,400 « 


Itambe, 


Brazil, • . , 


. . 6,960 " 


in. 


EUROPE. 




Name. 


Country. 


• 

Height 


Mont Blanc, 


Switzerland, . 


. . 1 6,739 feet 


Mount Rosa, 


u 


. . 16,210 " 


Jungfirau, 


a 


. . 13,672 " 


Monte Viso, 


Savoy, . . . 


. 13,699 " 


Simplon, 


Switzerland, . 


. 11,730 " 


Mulachazen, 


Spain, . . . 


. . 11,484 " 


Penaranda, 




. 11,200 " 


Malahite Peak, 


France, . . . 


. . 11,168 « 


Mont Perdu, 


u 


. . 10,994 " 


Mount Etna, 


Sicily, . . , 


. 10,874 « 


Sierra de Gredos, 


Spain, . . , 


. . 10,652 " 


Budosch, 


TVansylvania, , 


. . 9,693 " 


Monte Como, or Gran Sasso, Italy, . . , 


. • 9,621 " 


Monte Rotondo, 


Corsica, . . 


. . 8,767 " 


Mount Guiona, 


Greece, . . , 


. 8,538 " 


Sneehattan, 


Norway, . , 


. 8,120 " 


SkagtOltend, 


t( 


. . 8,101 " 


Parnassus, 


Greece, . . . 


• 8,068 « 


Taygetus, or St Elias, 
AUios, 


ii 


. 7,904 " 


i( ' 


. 6,778 " 


Helicon, 


(( 


. 6,738 '* 


Delphi, 


(i 


. 6,726 " 


Riesenhoppe, 


Germany, . . 


• 6,394 " 


Snoefials, 


Iceland, . . . 


. 6,116 " 


Ben Macdui, 


Scotland, . . 


. 4,418 " 


Ben Nevis, 


(i 


. 4,379 " 


Ben Lawers, 


a 


• 4,061 " 


Cairngorm, 


a 


. 4,060 " 


Vesuvius, 


Italy, . ! \ 


. 3,932 " 


Snowdon, 


WsJes, . . . 


. 3,657 " 


Cader Idris, 


• • * 


. 3,660 " 


Sbichaillin^ 


Scotland, . . 


. 3,614 " 


CmranTual, 


Ireland, . , 


. ^,^\^ ^'' 


CKft^FelJ, 


England, 





fOO 



•'^ 





Name. 


OBOONOffr. 

Oomitry. 


lf<dgiiL 


Hymettus, 


vrrcoce, • • • 


. 3,878 feet 


Hecla, 


Iceland, . , 


. 3,824 " 


Helvellyn, 


England, . . 


. 8,813 « 


Skiddaw, 


• • 


. 8,038 « 


Stromboli, 


Lipari Isles, . 

IV. ASIA. 


. 2,687 « 


Name. 


Country. 


Height. 


Knnchinginga, 


Hindostan, 


. 28,178 feeU 


Dhawalagiri, 


u 


. 26,862 " 


Chumalaree, 


Thibet, . . . . 


23,929 " 


Elburz, 


Caucasus, . . , 


. 18,493 " 


Ararat, 


Persia, . . . , 


. 17,11? « 


Demavend, 


a 

• . . 1 


. 14,695 " 


Lebanon, 


S}Tia, . . . , 


9,517 « 


Olympus, 


Asia Minor, . , 


9,100 « 


Horeb, 


Arabia, . . , . 


8,593 « 


Sinai, 


• • • « 


7,498 « 


Ida, 


Asia Minor, . , 


5,435 « 


Zion, 


Palestine, . . , 


2,700 «* 


Carmel, 


u 


2,250 « 


Tabor, 


u 
V. AFRICA. 


2,053 « 


Name. 


Conntry. 


Height 


Abba Jarrat, 


Abyssinia, . . . 


15,000 feet 


Oarneroons, 


South Guinea, abo 


ut 13,000 " 


Peak of Teneriffe, 


Canary Islands, . 


12,172 " 


Bernard, 


Bourbon Isles, 


12,100 " 


Miltsin, 


Morocco, . . . 


11,40.0 " 


Peak of Fogo, 


Cape Verd Island 


3, 0,154 " 


Pico, 


Azores, . . . . 


7,613 " 


Table Mountain, 


Cai>e of Good IIo 


pe, 3,816 " 


Diana's Peak, 


St. Ilelena, . . 

VI. OCEANICA. 


2,710 " 


Name. 


Country. 


Height. 


Moimti Kea, 


Sandwich Islands, 


13,953 feet 


Mount Ophir, 


Sumatra, , . 


, \^,^\^ ^ 
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Name. 

Mouna Roa, 
Mount Erebus, 
Tobreonou, 
Mount Ambotismene, 
Mount Edgecumbe, 
Egmont Peak, 
Unimak Peak, 
Sea-view Hill, 
Barren Mountains, 



Oonntiy. Height 

Sandwich Islands, 13,760 feet 
Antarctic Continent, 12,400 ** 



Tahiti, . . . 
Madagascar, . 
New Zealand, • 



tt 



Aleutian Isles, 
New South Wales, 



12,250 
11,500 
9,630 
8,840 
8,593 
6,700 



Van Diemen's Land, 5,000 



u 
u 
u 

u 
u 
u 
u 



Vn. MEAN HEIGHTS OF MOUNTAIN CHAINS AND CONTINENTS. 
Name. Height. 

Himalajs, 15,670 feet 

Andes of Bolivia, from 15° to 18° S. lat, Eastern Ridge, 15,250 " 

" " Western Ri(§e, 14,900 " 

Table-land of Thibet, 11,600 " 

Andes of Colombia, from 2° S. to 5° N. lat . . . :i,380 " 

Pyrenees, 7,990 " 

Alps, 7,350 " 

Afflatic Continent, 1,150 *' 

South America, 1,130 " 

North America, 750 " 

Europe, 670 " 



t- 
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GEOLOGY, OR DESCRIPTION OF THE SOLED MASSES 

COMPOSING THE EARTH. 



PART I. 

GENERAL VIEW OP THE STRUCTURE OP THE EARTH. 



§ L — ^Preliminary Remarks. 



Geology, so fer as our present subject is concerned, oompnaes • 
description of the inorganic solid masses which compose the eariih^ 
crust, and of the organic remains which they contain.* In G^l<^ 
all those masses are termed rockSy whether they are cohesive, like 
granite, slate, and marble, or loose, like sand, clay, gravel, and oomr 
mon mould. Rocks which originated from depositions in water am 
termed aqueous; those which have been produced by heat an 
termed igneous. 

In tracing the nature of those agents that have produced the 
present conation of the surfece and interior of the earth, we find ill 
the foremost ranks fire and water, two mighty, universal, and an- 
tagonizing forces, which have most materially influenced the coo^ 
tion of the globe. 



§ n. — Classification of Rocks. 

All rocks are divided into two great classes, stratified and unstrai 
ified. Stratified rocks are those which are arranged in regular lay- 
ers, (generally termed strata,) bounded by nearly parallel surfiM^es. 
Unstratified rocks are those which exhibit no appearance of r^ulai 
beds or layers, but consist of masses destitute of any definite form. 

* The science of Geology takes a much wider range ; but we are ooocemed 
ofihr witii that part oi it wmch belongs to Physical Geography ; and the reader 
will uaderatand that a similar remark applies to «AV \Sft wiSoViieXa qI^^qa ^ ^ 
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Tliere are many classes of both kinds. Of the stratified rocks, 
some are very hard and crystalline, like quartz rock and gneiss ; 
while some are soft and earthy, like peat or clay beds. 

Tlie state of the ingredients of crystalline rocks has, in a great 
degree, been influenced by chemical and electro-magnetic forces; 
while that of stratified sedimentary deposits, — like the mud beds<- c 
of deltas, — ^lias resulted chiefly from the mechanical action of^"* > 
moving water, and has occasionally been modified by large admix- ^ 
lures of animal and vegetable remains. ;i ', 

The average aggregate thickness of all the stratified rocks is con- ? C 
sidered to bo at least ten miles. That of the unstratified rocks is 1^ .*r 
unknown; but there is httle doubt they extend many hundred'- J 
miles l^elow the stratified rocks. The latter are arranged by many T ' 
geologists into primary^ transition^ secondary, and tertiary. But I 
Siis cijissification is abandoned by several of the highest authori-Ci? 
ties ; and the terms are so A^ague that we need not regret the i - 
change. The ])rimary denote the oldest and the lowest ; and the }[ \ 
transition, secondaiy, and tertiary succeed, in the order in which •^"/ 
they ai'c named. jx I 

' ■ ■ 

§in. — NEARLY Condition of the Earth, and Origin of 7-, -' 

THE UNSTRATIFIED KOCKS <*- •' 



■■» 



Tliere is much evidence to render it probable, that at an early ^ : 
period of the existence of our globe its entire materials were in Sr^ -^ 
fltdd state, and that the cause of this fluidity was heat The fonrf - ^ 
of the earth, being that of an oblate spheroid, compressed at thet ' 
Poles, and enlarged at the Equator, is that which a fluid mass : 
would assume from revolution round its axis, as has been shown by '^ 
mathematicians. [The further fact, that the shortest diameter coin-"'? • 
cJdes \nth_the_existing~axTs 6T rotation, shows that this axis has-c^ ' 
been tiie same ever since the crust of the earth attained its present — 
• sdid form. ' \ 

'*rXSuming that the whole materials of the globe may have been 
OQce in a fluid state, or even in nebular state, from the presence of J 
intense heat, the passage of the first consolidated portions of this ^ 
flmd or nebulous matter to a solid state may have been produced by < 
the radiation of heat from its surface into space ; the gradual ab- 
straction of such heat would allow the particles of matter to ap 
proximate and crystallize ; and the fii'st result of this crystallization 
might have been the formation of a shell or crust coni|x>sed of oxi 
dated metals and metalloids, constituting various i'ock& oC \k<b 
nanito eenes around an incandescent nuc\e\is ot Tcid\fc^ \wa^^fc\ 
Smvm&t iban granite, and such as forms the mote -wev^NTj ^\i^\asij» 
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of basalt and compact lava. The common consent of nearly all 
modern geologists, and clieniLsts, refei*s the origin of tliis large and 
important class of unstratified crystiUine rocks to the action of 
heat 

The agency of central heat, and the admission of water to the 
metallic bases of the earths, and alkalies, offer two causes, which, 
taken singly or conjointly^ seem to explain the production and state 
of the mineral ingredients of these rocks ; and to account for many 
of the grand mechanical movements that have affected the crust ot 
the globe. The gradations are innumerable that connect the infi- 
nite varieties of green stone, syenite, porphpy, gmnite, and basalt,^ 
with the trachytic porphyries, and lavas, that are at this day ejected 
by volcanoes ; and there is little doubt that the fluid condition in 
which all unstratified rocks existed originally was owing entirely to 
the solvent power of heat 



§ rV. — Origin of the Stratified Rocks, and of the various 

Species of Plants and Animals. 

Beneath the whole series of stratified rocks that appear on the 
surface of the globe, there exists a foundation of unstratified rocks, 
bearing an irregular surfiice, from the detritus of which the materials 
of stratified rocks have all been originally derived. The thickness 
of stratified rocks accessible to oiur inspection, is very small, compared 
with the diameter of the earth ; but small as it is, it affords certain 
evidence of a long series of changes and revolutions, affecting, not 
only the mineral condition of the nascent surface of the earth, but 
attended also, by important alterations in animal and vegetable life. 

All observers admit that the strata which compose the dry land, 
were originally formed by the aggregation of materials beneath the 
water, and then brought to the surface ; and whatever may have 
been the agents that caused the movements of the gross, unorgan- 
ized materials of the globe, we find sufficient evidence of prospective 
wisdom and design, in the benefits resulting from these obscure and 
distant revolutions, to future races of terrestrial creatures, and more 
es]:>ecially to man. 

The detritus, or matter abraded by streams from the firet dry 
lands, being drifted into the sea, and there spread out into extensive 
beds of mud, sand, and gravel, was subsequently raised into dry land 
The forces generally supposed to have been employed, are the expan- 
sive powers of heat and vapors, exclusively ; and these agents ^viU 
account for many phenomena : but we cannot see that they will ac- 
count for the elevation of continents, which we attribute to Uie un- 
Bqual contractility oi the vaiious rocVs m cooVm^. X^x. \5^ ^i^^^-^ 
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that igneous agency has been active during every geological epoch, 
m elevating, more or less, exteasive portions of land, as aqueous 
agency has always been active in depressing them. From the fluid 
mass of metals and metalloid bases of the earths and alkalies, which 
were intermingled in a fluid state, the first^ granitic crust appears to 
have been formed by oxidation of these bases ; and tliis solid crust 
supplied the materials of the oldest stratified rocks. The total ab- 
sence of organic remains in these rocks, supports the theory of grad- 
ual refngeration, and leads us to conclude, that the waters of the first 
fonned oceans were too much heated to have been habitable by any 
kind of organic beings. In these ancient conditions of land and 
water. Geology refers us to a state of things incompatible with tlie 
existence of animal and vegetable hfe, and thus conducts us to a 
period long subsequent to the existence of the earth as a solid globe, 
when there was yet no vegetable or animal found within its borders. 
And then recurs the question. Whence canie the first animals and 
plants ? The bearing of this inquiry on natural and revealed re- 
li^on, shows that Geology is not that barren science which some 
erroneously imagine. 

In confutation of the theory -which ex])lains present phenomena, 
by assuming an eternal succession of similar preceding phenomena, 
tie discoveries of Geology have established, first, that existing 
ipedes have had a beginning, and this at a period comparatively re- 
cent in the physical history of our globe ; and second, that they were 
jHPeoeded by several other systems of animal and vegetal>le fife, re- 
Bpecting each of which, it can be proved, that there was a time when 
ttieir existence had not commenced. It further explodes the doctrine 
of a gradual transmutation of one species into another, by showing 
that one species was immediately succeeded by a difterent species. 
It presents to us a beginning and end of several systems of organic 
life, each affording conclusive proof of the repeated, and separate ex- 
ercise of miraculous creative power. The oldest stratified rocks not 
only exhibit no trace of organic matter, but prove that the surface 
of the earth was so hot during their formation, as to render the ex- 
istence of any animal or plant impossible for a single minute. 

The next series — ^frequently called the transition rocks — are inti- 
mately associated with the appearance of organic life. The mineral 
character of transition formations, presents evidence of the action of 
water in violent motion ; and many of them were deposited in the 
form of mud and of sand, at the bottom of the sea. 
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§ V. — Eauliest Condition of Organic Life. 

Beginning with tlie animal kingdom, we find the four great exist- 
ing divisions* to have been coeval with Uie commencement of or- 
ganic life, upon our globe. But no higher condition has been yet 
discovered in transition formations, than those of fish, the lowest clasB 
of the vertebrates. 

The mollusks, in the transition formation of rocks, afford examplcB 
of genera and species that are diffused over the whole earth. The 
earUest examples of articulated animals, are those afforded by tlio 
extinct fiimily of trilobites, which appear to have become extinct 
before the beginning of the second series, although at one time ex- 
tremely numerous. The radiates are among the most frequent or- 
ganic remains in the tmasition strata, and present numerous forms 
of great beauty, especially the family of star-fish and fossil coral- 
lines. 

In the inferior regions of tnmsition series, plants are few in num- 
ber, and chiefly marine. In the superior regions, land plants are 
contained in prodigious numbers. The strata in which these vegeta- 
ble remains have been collected in such vast abundance, have been 
justly designated the carboniferous order, or great coal formation. 
It is in this formation chiefly, that the remaiiw of plants of a former 
world have been preserved and converted into beds of mineral coal, 
having been transix)rted to the lx)ttom of fonner seas and lakes, and 
buried in beds of sand and mud, which have since been changed into 
sandstone and shell. Thus, by the use of coal, we are brought into 
immediate connection with tlie vegetation that clothed the ancient 
world, before half its surface was yet formed. Tlie trees of the 
primeval forests have not, like modem trees, undergone decay, by 
yielding back their elements to the soil and atmosphere that nour- 
ished them; but treasured up in subterranean storehouses, have 
been transformed into enduring beds of coal, which have, in latter 
ages, become fertile source^s of light, heat, and wealth to man. How 
wonderful the economy of nature's secret workings, and the benefi- 
cence of the Divine Lawgiver, who directs and sustains that economy 
for the happiness of his creatures I 

* Naturalists divide all Animals into four great divisiions; viz.: Vertebrata, 
or animals possessing a skull and back-bone, — 3folhtsca, animals consisting of 
a soft mass, without either internal skeleton, or articulated covering, such as 
the ouster and the snail, — Artlndaia, those covereil with a series of articula* 
ted rings, like the earthworm, the bee, and the lobster, — and Jiadiata, or Zoo- 
jphyta, those whose parts are arranged circularly round the mouth, which is 
ra the centre, such as the polype and the sponge aniniaL "We shall employ 
the English forms of these terms^ which are wrtcVrate*, •mol(\Afc«^ ardcuuttet^ 
and radiatea. 
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§ YL — Origin of Soil, Springs, and Salt Mines. 

The movements of the waters by which the materials of strata 
have been brought to their present position, have caused them to be 
intermixed in such a manner, and in such proportions, as in various 
degrees are favorable to the gi'owtli of the different vegetable pro- 
ductions necessary for the health of man and animals. Solid rocks 
have been converted into soil by simple exposure to atmospheric 
agency, and the ™issitudes of heat and cold, moisture and dryness, 
which reduce the surface of almost all strata to a comminuted state 
of soil or mould, the fertihty of which is usually in proportion to 
the compound nature of its ingredients. The three principal mate- 
rials of all strata are, silica or flint, clay, and lime. Each of these, 
taken singly, and in a state of purity, is comparatively barren ; but 
the admixture of a small proportion of clay gives tenacity and fer- 
tility to sand, and the further addition of calcareous earth produces 
a soil highly valuable to the agriculturist ; and where the natural 
jffoportions are not adjusted in the most beneficial manner, the ^iU- 
ties afforded by the frequent juxtaposition of Hme or marl, or gypsum, 
for the artificial improvement of soils deficient in those earths, im- 
parts to agriculture half its treasures. Hence, it liappens, that the 
great cornfields and largest population of the world, are situated on 
secondary and tertiary formations, or on their detritus, composing 
still more compounds, and consequently more fertile diluvial and 
aUuvial deposits. 

Strata of hmestone, sand, and sandstone, which readily absorb 
water, alternate with beds of clay, or marl, which are impermeable 
to this most important fluid. All permeable strata recei ve rain water 
at their sur&oe, whence jt descends until it is arrested by an imper- 
meable subjacent bed of clay, causing it to •accumulate throughout 
the lower region of each porous stratum, and to form extensive res- 
avcm, the overflowings of which, on the sides of the valleys, consti- 
tute the ordinary supply of springs and rivers. These reservoirs are 
not only occasional crevices and caverns, but the entire space of all 
the small interstices of those lower parts of each permeable stratum, 
which are below the level of the nearest flowing springs. Hence, if 
A well be sunk to the water-bearing level of any stratum, it forms a 
oommnnication with a permanent subterranean sheet of water, and 
afibrds plentiful supplies to the inhabitants of upland districts, which 
msLj be above the level of natural springs. 

Dnring the formation of the secondary rocks, the seas appear to 
have so superabounded with salt, as to deposit it in vrameca^ ci^Masor 
titiea. Hence, salt minea abound through this aeries, «s^\«Sq m ^t^ 
new rod sMndatone. EM not the beneficent CTea\ot Xiidi ^SL^^<»• 
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stores of salt within the bowels of the earth, the distance of inland 
countries from tlie sea would have rendered this article, of prime and 
daily necessity, luiattiiinablo to a large |X)rtion of mankind ; but the 
strata of mineral salt, which are disj^rsed generally over the interior 
of our continents and lai-ger islands, obviate the difficulty. Salt is 
also the most abundant of tlie saline compounds formed by sublima- 
tion in the cratere of volcanoes. 



§ Vn. — Condition of tue Earth during the Formation of the 

Secondary and Tertiary Rocks. 

Although the petrified remains of zoophytes, Crustacea, testacea, 
and fish, in the secondary rocks, show that the seas in which these ^ 
strata were fonned, abounded with creatures referable to the four 
existing divisions of the animal kingdom, yet the condition of the 
globe seems not to have been sufiiciently advanced, to admit of gen- 
eral occupation by warm-blooded, terrestrial animals. The only 
animals of this kind found in secondaiy formations, are of the 
marsupial, or pouched order, such as the oi)ossum and kangaroo. It 
is no^y peculiar to North and South America, New Holhmd, and the 
adjacent islands. The peculiar featiu'e in the population of the whole 
series of secondary strata, was the prevalence of gigantic forms of 
saurian, or lizard-like reptiles. Many of these were exclusively marine ; 
others were amphibious, and othei's terrestrial, ranging in savannahs 
and jungles, clothed with a tropical vegebition, or basking on the 
margins of lakes and rivers. Even the air was tenanted by flying 
lizards, under the dragon form of the pterodactyle, the most curious 
of animals. The earth was, probably, then too much covered with 
water, and those portions of land which had emerged above the sur^ 
face were too marshy, |ind too frequently agitated by earthquakes, 
inundations, and atmospheric irregularities, to be extensively occupied 
by any higher order of quadrupeds than reptiles. 

The tertiary series introduces a system of new phenomena, presenting 
formations in which the remains of animal and vegettible Hfe approach 
gradually nearer to the species of our own epoch. Tlie most striking 
feature of these formations consists of the repeated alternations of 
marine deposits, ^vith those of fresh water. Throughout all these 
periods, there seems to have been a continually increasing provision 
for the diffusion of animal hfe ; and we have certain evidence of the 
character and number of the creatures that were permitted to enjoy 
it, in the multitude of shells and bones preserved in the strata de- 
posited during each of the four epochs we are considering. The ter- 
tiary series, according to Lyell and Deshayes, contains marine forma- 
tioD3 divided into four parts, viz., eoceTie,Tcv\ocfcii^,cX^« ^Q«i«8vfe^«D^ 
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newer pliocene. The term eocene (raorriing-new) implies the dawn 
of the existing state of the animal creation. The term miocene (less 
new) implies, that a minority of fossil shells and formations of this 
period are of a recent species. In formations of the older and 
newer pliocene (more new) taken together, the majority of shells be- 
long to living species, and abound especially in the new. 

Alternating with these four great marine formations, above th« 
chalk, there intervenes a fourfold series of other strata, containing 
shells, which show them to have been fonned in fresh water, accom- 
panied by the bones of many terrestrial and aquatic quadrupeds. 



§ Viil. — ^Relations of the Earth and its Inhabitants to Man, 

From the statements that have been made in the preceding pages, 
it appears that five principal causes have been instrumental in pro- 
ducing the actual condition of the surface of our globe. First, tlie 
passage of the unstratified crystalhne rocks from a fluid to a solid 
state ; secondly, the deposition of the stratified rocks at the bottom 
of the ancient seas ; thirdly, the elevation of stratified and unstratified 
rocks from beneath 'the sea, at successive intervals, to form continents 
and islands ; fourthly, violent inundations, and the decomposing 
power of atmospheric agents, producing partial destniction of these 
sands, and forming from their detritus extensive beds of sand, of 
gravel, and of clay ; fifthly, repeated oscillations of the land, whereby 
it was submerged, and again elevated. We shall form a better esti- 
mate of the complex disposition of the materials of the earth, which 
has resulted from the operations of all these mighty conflicting 
forces, if we consider the inconveniences that might have attended 
other arrangements more simple than those which actually exist. 
Had the earth's surface presented only one unvaried mass of granite, 
Dr lava ; or had its nucleus been surrounded by entire concentric 
coverings of stratified rocks, like the coats of an onion, a single stra- 
tum only would have l>een accessible to its inhabitants ; and the 
varied intermixtures of limestone, sandstone, and clay, which are now 
so advantageous to the fertility, beauty, and habitability of the globe, 
would have had no place. 

The inestimably precious treasures of mineral salt, of coal, and 
of metallic ores, confined as these latter are, to the older series of 
formations, would, under the supposed more simple arrangement of 
the strata, have been wholly inaccessible, and we should have been 
destitute of all the essential elements of industry and civilization. 
Under the present disposition, all the various com\>\\\tv,l\ow^ ^^ %\.\^sXaiM^ 
with their valuable contents, whether produced by tW ^<iwc^ qI 
subterraDeaa &re, or by mechanical or chemical de\>oa\\Ivo\\ \ifew^'ssfi 
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the water, have been mised above tlie sea, to form the mountama 
and the plains of the present earth ; and have still further been laid 
open to our reach by the exposure of each stratum along the sides 
of the valleys. The production of a soil fitted for agriculture, and 
the general dispersion of metals, (more especially of that most 
important of metals, iron) were almost essential conditions of the 
earth's habitability by civilized man. 

Although the waters, which cover two thirds of the earth's surfece, 
are uninhabitable by man, or any terrestrial animal, yet they are 
abundantly stocked with animated beings that exult in the pleasure 
of existence, independent of human control, and in no way subser- 
vient to the necessities or caprices of man, while they fertilize the 
land by their vapors. Such is, and has been, for several thousand 
years, the actual condition of our planet. 

We find certain families of plants and animals existing during 
every period, and under nearly the same generic forms as those 
which they present at the present day. Others are limited to par- 
ticular formations, there being certain points where entire groups 
ceased to exist, and were replaced by others of a difterent charac- 
ter. The changes of genera and species are still more frequent 



§ IX. — Volcanoes. 

In the state of tranquil equilibrium which our planet has attained 
in the region we inhabit, we are apt to regard the foundation of the 
soUd earth as an emblem of duration and stability. Very diflferent 
are the feelinjfs of those whose lot is cast near the foci of volcanic 
eruptions. To them, the earth often reels to and fro, and vibrates 
beneath their feet, overthrowing cities, yawning with dreadful chasms, 
converting dry land into seas, and seas into diy land. 

The origin of volcanoes is now generally held to be the action 
of steam on subterranean lakes of lava, which have probably never 
assumed the solid form since the whole globe was liquid with heat. 
The steam is produced fi*om the water which percolates through the 
earth, coming in contact with the lava ; of which it occasionally 
expels a part on the principle of intermitting springs. The lava is • 
supposed to be from ten to thirty miles, below the surface. The 
flames sometimes emitted from the ground after a storm may proba- 
bly arise fi*om the action of water on some metallic substances ; but 
the matter ejected from volcanoes proves that their origin is different. 

Earthquakes originate from the expansive force 'of steam which 
finds no vent ; and hence they frequently precede eruptions, and 
cease afterwards. 
Disintegrated lava forms the most fertile of &o^\i^v^s& toco^ 
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ing many important materials which are deficient in the older rocks. 
Hence &ose terrible commotions answer an important purpose in 
the chain of events by which the apparent ruin and confusion of 
certain periods result in the varied beauty and fertiUty everywhere 
visible. 



PART II. 



DESCRIPTION OF THE VARIOUS CLASSES OF ROCKS. 



§ I. — Discoveries of Geology. 

History, tradition, and ol:)servation, combine to prove that the 
earth^s surfeice is undergoing a perpetual change ; the currents of 
rivers and oceans are forming accumulations of land in some places, 
and washing away the surface of others. The waters of lakes and 
seas deposit successive beds of ever-forming rocks ; the summits or 
flanks of mountains, undermined or sapped by rains and frosts, are 
plunged into the valley below; and lofty mountains and deep 
▼alleys are formed by the elevation or subsidence of the surface 
occasioned by earthquakes. 

Greology goes further ; it shows us that these changes have been 
going on in times anterior to historical or traditional knowledge ; 
and by an examination of the structure and position of the layers 
ivhich compose the crust of the earth, it is able to determine their 
relative ages and the mode of their formation, whether from allu- 
vial accumulations or by the deposition from aqueous or igneous 
solntions. Moreover, by studying the animal and vegetable remains 
which they contain, it proves that the whole, or nearly the whole, of 
the present land was once at the bottom of the sea, and has been 
dlevated by the mighty forces of nature. 

It was long thought to be vain to look for order, or regularity, in 
ihe composition and arrangement of the great maaaea oi vjVj^Ocl ^<ei 
emst of the earth is composed ; but we shall see l\oa \4ft^ '^^a «ctQr 
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I IL — ^Vabious Structures of Mountain Rocks. 

The — ^ncipal of these are the following : — (1.) The compact 
structure, in which the mass is uniform, and when broken, exMbita 
various fractures ; as compact quartz. (2.) The slaty structure, in 
which the rocks spUt readily into layers, as common roofing-sLite for 
houses. (3.) The granular, when the rocks are composed of gran- 
ular concretions, or impc'f<^»ct crystals; as primitive limestone, or- 
statuary marble. (4.) Thc5 porphyritic, in which there is a basis, or 
ground, with imbedded crystals ; as porphyry. (5.) Amyydaloidalj 
when the basis contains almond-shaped cavities, whether empty or 
filled with minerals. (6.) Conglomerations, when the rock is com- 
posed of fragments imbedded in a basis ; as pudding-stone. 



§ III. — Definition op Beds, Formations, and Veins. 

Any mass of rock different from those around it is called a bed. 
Several varieties are sometimes discoverable in the structure of indi- 
vidual beds : thus, in some, the rock is arranged in columns, as in 
basalt ; in others, in tables, as in porphyry ; or in balls, as in granite. 

All those rocks which appear to have been formed at the same 
time, and in similar circumstances, and which agree in position, 
structure, petrifactions, etc., are said to belong to the same forma- 
tion. Simple formations are those principally composed of one rock, 
as, for example, granite. Compound formations are those containing 
more than one species, as the coal formation, which contains sand- 
stone, slate, Hmestone, coal, and ironstone. 

Veins are tabular masses that intersect the strata,. or beds, where 
they occur. Like the latter, they vary in position and dimensions 
from an inch to several fathoms in breadth, and to several miles in 
length and depth. With regard to situation, they are horizontal, 
vertical, or more or less inclined. Veins appear to have been origi- 
nally rents, or fissures, traversing the strata, which have been filled 
by an after process with the mineral mattera they now contain. 



IV. — Classification of Stratified Rocks. 

The stratified rocks are generally divided into the following 
classes: — 

1. Primitive JRocks. — The rocks of this class lie under those rf 
Hbe succeeding classes. Countries in which they predominate, aro, 
in general, more rugged and broken tliaii t^ioa^ comY»^ q1 tcj^ 
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of the other classes. The strata of primitive mountains are often 
highly inclined, a circumstance which contributes to increase the in- 
equalities of the surfjice of primitive regions. Primitive rocks are 
d a crystalline nature, and exhibit such characters as indicate forma- 
tion from a state of solution, in hot waters, and under a heavy pres- 
sure. These contain no organic remains, and hence, are inferred to 
have been formed before animals and vegetables were called into 
existence. They abound in metalliferous minerals, and no metal has 
been met with which does not occur, either exclusively or occasionally, 
in this class of rocks. , Gems also occur in great variety. 

The following species of rocks belong to this class, viz. : gneisSy 
mica slate, clay slate, qiLartz rock, and primary limestone. This 
class affords durable materials for building. 

2. Transition Mocks, — ^The rocks of this class, in the regular suc- 
cession, rest immediately upon those of the primitive class. Most 
of them are distinctly stratified, and the strata are often vertical, and 
like those of the primitive class, exhibit the same direction through- 
out extensive tracts. Tliey are distinguished from primitive rocks 
by the occurrence of fossil Crustacea, shells, and corals. The exten- 
sive deposits of limestone, particularly of the variegated kinds, so 
much prized for ornamental purposes, which tliey contain, and the 
(Hres of lead and copper distributed among them, give them import- 
ance in tlie arts. This class comprises the following rocks : — gray- 
wacke, transition clay slate, gneiss, mica slate, quartz rocks, red 
sandstone, limestone, and glance coal, or anthracite. 

3. Secondary Rocks, — ^The rocks of this class aie, sandstone, slate^ 
limestone, gypsum, and coal. 

In the primitive and transition classes, geologists have not observed 
any detenninate arrangements among the deposits ; but in this class 
it has been found to prevail throughout the whole series. The fol- 
lowing is a sketch of the order of succession, beginning with the 
lowest and oldest formation'. 

1. The old red sandstone. 2. Metalliferous limestone, or carbon- 
iferous. 3. The great coal formation, which is a compound consist- 
ing of sandstone, clay, limestone, coal, and ironstone. 4. Magnesian 
and Alpine Hmestone. 5. Variegated sandstone, or new red sand- 
stone, comprising, besides the sandstone, beds of marl, with gypsum, 
and rock salt. 6. Shell limestone. 7. Red ground, composed chiefly 
of sandstone, marls, and dolomites, with salt and gypsum. 8. Lias 
and oolite limestone, and Jura limestone. 9. Weald clay, and pur- 
beck stone. 10. Chalk formation. The rocks of this class are softer 
and less crjrstalline than the preceding, and contain more organic re- 
mains. These are extremely unhke those of the present times. 

4. Tertiary Bocks. — In iho regular succession, th^ toc?r& qS. ^^Jdm^ 
reBt immediately upon the chalk, or uppermo&X. mea^jci cfl '^oft 
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seoondaiy class. They are looser in texture than those of that cham, 
yet among them, beds occur equally compact with those of the latter* 
They abound in fossil remains of animals and vegetables, containing 
many species different from those now existing. 

The rocks of this class, are plastic clay, calcaire grassier or London 
clay, gypsum with bones, superior marine sandstones, sands, and 
upper fresh water formation. 

5. Alluvial Hocks, — Under this head are included the various 
calcareous deposits, peat, clays, loams, sands, gravels, and rolled 
masses or bowlders, which, in the regular succession, rest upon tlie 
newest or uppermost rocks of the tertiary class. Remains of vege- 
tables and animals, are of frequent occurrence in this formation. 
Neither remains of human industry or human bones have been found 
in the older alluvia, but skeletons and bones of quadrupeds abound. 
Some of these quadrupeds are of extinct species of existing genera, as 
the mastodon, megatherium, and others, belonging to existing species. 



§ V. — Classification op Unstratified Rocks. 

The unstratified rocks all bear palpable indications of having been 
in a fluid state from heat ; hence they are termed igneotis rocks. 
They were either protruded through the stratified rocks, which they 
have frequently fractured and upheaved, or rose through them by the 
latter sinking down. One kind passes insensibly into another ; hence 
a scientific classification of them is impossible. They may be divided 
into the four following classes : 

(1.) Granitic, This includes the various kinds of granite, syenite, 
porphyry, and claystone. 

(2.) Trappean, comprising basalt, greenstone, trachjrte, hjrpers- 
thene, and hornblende. 

(3.) Serpentinous, including serpentine, ophite, ophicalce, and 
diallage. 

(4.) Volcanic, embracing the productions of modem volcanoes. 
The principal are the various kinds of lava, obsidian, pitchstone, and 
pumice. 

Those first mentioned are the oldest and most crystalline. These 
are extremely hard, and form the most durable materials for building. 
They are found only among the older stratified rocks. The latter 
classes are much softer and decompose more rapidly. Some of the 
most picturesque scenery in the world is owing to the presence of the 
trappean rocks, such as FingaPs Cave, in Scotland, the Giant's Cause- 
way, in Ireland, and the Palisades on the Hudson, in New Yoi^ 

Most Jduds of igneous rocks were erupted at different periods. 
Tbe granite predominated during the {orma^oiL oi li)[i^ c^<^<^x cXx^Na&ni 
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rocks ; and it never appears higher than the chalk, and seldom so 
li^^ The older rocks appear to have cooled slowly and under 
jureasure, no doubt that of the stratified rocks and deep waters : the 
more recent generally cooled rapidly and without pressure ; hence 
they are unerystaPine and cellular. 



§ VL — ^Various Positions of Rocks. 

Bodra rest upon one another in every possible manner, horizontally, 
and at every angle. Sometimes in moderate elevations, and especially 
in lowlands, the different strata preserve, for hundreds of leagues, a 
parallel position ; thus the limestone or calcareous strata, (containing 
numerous sheUs,) upon which the city of Paris is built, extends 
across what is called the Isle of France, as far as Belgium. The 
gypseous strata of Montmartre, and of the heights of Belleville, 
nave the same degree of elevation, though separated by a valley. 

A ridge of granite seems to extend straight from the Limosin to 
Cherbourg, in Normandy. Another girdle follows the valley of 
the Upper Loire, from Mount C^nis to Saint Etienne, a space of YO 
leagues. In the Island of Rugen, in Pomerania, in the Danish 
Idand of Moen, and at Stevens', in Zealand, the strata of chalk 
and flint correspond to each other, though an open sea flows between 
their bases. 

Amid this tranquil regularity of formation, what traces of destruc- 
4km at once alarm and deUo:ht the observer of nature! In the 
, tiains and on high mountains, we meet with strata that have been 
Miarely inverted, or partly shifted from their position, bent into 
every shape, crooked and cun^ed, and returning upon themselves. 
The Mountain of St. Gilles, near Liege, exhibits all these anomalous 
appearances. We find considerable strata in Mount Jura, which, 
having been overturned and pushed forward upon others, have 
stopped in a position so precarious that the application of the least 
tone would put them in motion again. The Alps exhibit an extraor- 
dinaiy example of disorder and confusion, that strike the spectator 
with awe and wonder. We discover pyramidal mountains, like the 
lieedle of the South, the layers of which are ranged round the axis 
of the pyramid, like the leaves of an artichoke. Nant D'Arpenaz 
prosents to our view a sort of hemisphere, composed of regularly 
carved strata. At every step, the rules which appear generally fol- 
lowed, are broken, and set at defiance by the greatest possible diver- 
flity. If Mont Blanc be composed of enormous vertical blocks, 
Monnt Rosa, equally gigantic, presents only horizontal strata^ a lit^<^ 
indined. 

Boakg are frequeDtly iDtereected by fissurea aiii caN\>aRft xosstfe ot 
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less considerable. Some consist of interstices left between two 
ancient rocks, at the moment of their crystallization ; the great 
majority appear to owe their origin either to the retiring or simdng 
of the earth. The first of these causes, viz., the retiring of the earth, 
has considerably increased them in the calcareous mountains of 
secondary formation. They are less prevalent in gypsum. Sonde 
of these fissures have been filled with metaUic substances ; some by 
the filtering of water impregnated with stony matter ; others by 
incrustations ; others by alluvial minerals, by vegetable and animal 
earths: some have remained open and formed ravines, predpioes, 
abysses, when they are open to the sky ; or caverns and grottoee^ 
when they have walls or a natural roof 



§ Vn. — Caverns. 

The dimensions of caverns have generally been exaggerated, yet 
the dimensions of some are in reahty extraordinary. The depth of 
the cavern of Elden Hole, near Castleton, in England, has not been 
discovered, though sounded with a hue of more than 9,600 feet. 
Near Frederickshal, in Norway, there is a hole into which a stone 
being thrown, it is two minutes in reaching the bottom, from whidi 
it l^s been surmised that the depth must be upwards of 11,000 
feet. Among the numerous caverns of Camiola, that of Adelsbnrg 
is said to afford a subterraneous walk of two leagues. Many caverns 
are remarkable for various natural curiosities. ITiere are some from 
which, in summer, there issues a wind of an icy coldness, with an 
astonishing force. Mount Eoto, in Italy, is an example of thiAi 
The httle communication which some caverns have with the exter- 
nal air causes them to change their temperature long after that of 
the air becomes changed on the surface of the earth. 

The most interesting caverns, and the most curious, for their 
natural productions, are those from whose roofe water impregnated 
with calcareous matter has dropped and formed stalactites. This 
calcareous substance is formed by drops of water, which, in falling 
from the roofe of caverns or grottoes, either becomes hardened hf 
degrees and remains suspended from these vaults, in the shape dT 
long crystals or icicles, or fells to the ground and assumes a thou- 
sand fentastic forms, often representing various vegetables or ani- 
mals. The latter kind are distinguished by the term stalagmites. 
It is to this circumstance that the grotto of Antiparos owes its 
celebrity. 

The naturalist prefers those caverns which contain petcified 

bones, as these inform him of the revolutions and former condition 

of animal life on the earth. Some cavema cmvXaoxi ^^ tqccooss^^ 
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eertain species of marine animals, which appear to have retired 
thither when they felt themselves about to expire. There are 
caverns which contain deep pits of water, or wells, sometimes so 
extensive as to acquire the name of subterranean lakes. There are 
others from which rivers derive their source, while some are known 
to receive very considemble streams, which lose themselves in the 
interior. Such are the imimnerable cavities of the Julian Alps, in 
Camiola and Croatia. It is to similar reservoirs that we must attrib- 
ute the periodical disappearance of the Lake of Cirknitz. There 
are some caverns in Norway, where, as you walk upon an arched 
calcareous floor, you hear the roar of invisible torrents beneath your 
feet. Many caverns in Russia, and Siberia, have been evidently 
fermed by means of water, and even masses of ice. 

Volcanic caverns form a distinct class. That of Surtur, in Ice- 
land, which is 5,034 feet long, has three of its sides or walls covered 
with a greenish-black varnish, formed by a volcanic vitrification. 
Long pieces of lava are suspended from the roof, which is so full of 
crevices as in many places to admit the rays of the sun. The most 
magnificent of all the known caverns, is, doubtless, that of FingaPs 
Cave, in the Island of Staffii, on the west coast of Scotland. 
Hiousands of majestic columns of basalt support a lofty roo^ under 
which the sea rolls its wa\'es, while the vastness of the entrance al- 
lows the hght of day to penetrate the various recesses of the cave. 

Many phenomena, especially eailhquakos, appear to indicate the 
existence of much more considerable subterranean cavities, than those 
which are known to us. The unknown is now banished from the 
land of science, and is become the exclusive patrimony of, romance- 
xnakers ; and we must, therefore, acknowledge a perfect unacquaintr 
aii08 with their nature. 



. § Vm.— Veins. 

The small fissures which pass through the masses of rocks, which 
we call by the general name of veins, though they appear to the 
imagination less striking than caverns, present to the eye of reason 
and of science a still more complicated enigma. The essential char- 
acter of a vein is, that of cutting, or passing through a mass of rock, 
in a direction more or less different from that of the strata, or 
layers, of which the rock or mountain is composed ; and being filled * 
with a mineral- substance different from, that of which the rock itself 
is formed. We sometimes find veins of twenty or thirty feet in thick- 
ness, while others are less than an inch thick. Some continue fey: 
the space of several leagues, others divide, and d\s^Q;t^ci 'i^^TcssAs^'e* 
mataaJler reins. There are c/ises in which tiki© ve\Tva,\v«s\xv^^^NS5sfc.^ 
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through many strata, suddenly break off at the oommencement of a 
stratum of a particular sort, and re-appear on the opposite side, ex- 
actly in the same diroctiou, and of the same thickness which they 
had at lirst. llio general lino of veins is rectilinear, but without any 
preference as to its direction. 1'he matter with which the vein is 
filled often contains metallic ores, and is then called gangue. There 
is scarcely any mineral that is not found in some vein or other, more 
or less abund^intly. Some, also, contain petrifiEUitions, which seem to 
prove, that these fissm-es were originally empty, and had been filled 
from above, by means of a iluid loaded with various substanoea, 
which it deposited in them. This is the opinion of the celebrated 
Werner ; but it is now rejected by all geologists of any note ; and it 
is considered that all veins were either tilled from below, or separated 
fi*om the rock by chemical or electric action. 



§ IX. — ^Thickness of Strata. 

The thickness of strata differs as much as their inclination or posi- 
tion. In the south of Sweden there is a bank, or bed of trapp, 
which is in many places one hundred feet thick, and in the Alps there 
are some masses still thicker ; but it is not agreed, whether these 
masses are to be regarded as regular strata. Many of the middle 
class of mountains contain beds of mineral, or rock-salt, of alum, and 
of coal, thirty or forty feet thick. There are also some strata of coal 
near Liege, not more than one inch in thickness. White arid black 
marbles are found in thicker strata than those wliich are variegated ; 
and in general, those substances which are least compound, or mixed, 
are found in the greatest masses. The devonian, or old red sand- 
stone of England, is 10,000 feet thick. In Mexico or Peru, there 
are masses of porphyry, which are from 9,000 to 12,000 feet thick. 



§ X. — Influence of Geological Structure on Soil and 

Scenery. 

We have already seen that the older igneous rocks decompose 
much more slowly than the newer : the same is tnie of the stratified 
or aqueous rocks. Hence, countries whose surface consists of primary 
rocks are barren, and those composed of tertiary rocks are generally 
fertile. As volcanic rocks are seldom found overlying the primary, 
the unproductiveness of the latter is not mdad. by the former, whereas 
tertiary and alluvial deposits are often fertilized by the presence of 
disintegrated lavas. All soils, except the small quantity which con- 
jshts of decayed organic matter, consist excVv>fi>vjd^ ol &\c^t»^nati^ 



XNVLTTXKCE OF GEOLQOIOAL STRUCTURE ON SOIL, ETC. 119 

rocks. Henoe the close connection between the geological structure 
and productiveness of a country is at once manifest. The age of 
rocks, however, is not a perfect ci-iterion either of the degree of their 
decomposibility, or of their value when decomposed. Some lime- 
stones, for instance, decompose more rapidly than sandstones of more 
recent formation ; and they produce a better soil, because sandstone 
consists mostly of silica, which enters very sparingly into the copapo- 
sition of plants or animals, while lime enters largely into the com- 
position of both. 

The highest mountains generally consist of primary rocks, fre- 
quently intermixed and overlaid with masses of the unstratified, as 
among the Andes. Although the soil is barren, their air is pure, 
their scenery grand and impressive, and their mineral wealth is often 
very great. The mountains formed of this class are not only lofty, 
but generally precipitous and steep, and abound with sharp geaks 
and yawning chasms. 

The secondary rocks give a peculiar and characteristic appearance 
to the mountains which are composed of them. Their outlines are 
lea broken than those of the primaiy mountains, their summits less 
lofty ; but vegetation displays its richness upon their gently inclined 
odes of chalk and clay, covered veiy frequently with a layer of marl, 
and filled with4;he remains of animals and vegetables, different from 
those now existing. The argillaceous slate bears the marks of an 
entire vegetation, anterior to the present constitution of the globe. 
In the marly, bituminous slate we meet with petrified fish, and many 
impressions of aquatic animals ; and the calcareous rocks contain 
the bones of quadrupeds. These three strata, and others which 
are analogous to them, frequently succeed each other, in such a man- 
ner, that the remains of the vegetables are placed below, and those 
of the quadrupeds, near the surface. 

In the secondary rocks are found mineral salt, saline springs, 
mineral waters, layers of coppery slate, alumine, calamine, bitumi- 
nous earths, petroleum or rock oil, naphtha, mineral tar, and especially 
coaL All these substances are accumulated in layers and beds, the 
snooession of which constantly varies, but which all belong exclusively 
to secondary mountains. On the other hand, these mountains con- 
tain no metallic veins. 

Tertiary rocks are found chiefly in low grounds, resting upon the 
older rocks, generally the secondary. 

Tufa, which is formed by the re-composition of the particles of a 
primitive rock, conglomerates, or breccias, which are heterogeneous 
compounds of the fragments of rocks united by a cement of tufei, 
clay, sand, or gravel, are common in this class of rocks ; and they 
oontain abundant remains of large quadrupeds, aiid. o\k<^x ^w<d\(>^N& 
aninulf now unknown in a living state. 
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In the drift formation, which is a part of this series, are ohiefSy 
found gold and dianion<ls. The soil of such rocks is generally fer- 
tile, the surfacxi flat, and the scenory numotonous. 

Alluvial tracts are always foi-tile, and nearly a dead level, such as 
we often find aloiig tlie banks of rivers. The organic remains they 
contain are those of existing species ; and they are the only rocks in 
which any human remains have been found, save in a state of burial. 
Such rocks always consist of the same materials as the higher 
grounds over which their watei-s flow ; and tlieso often wash down, 
and deposit among them valuable minerals. The soil of such rocks 
is at once the most fertile and the most imliealtliy. 



§ XI. — Pebdles. 

AIT the banks of rivers and lakes, and the shores of the sea,, are 
covered with pebbles, rounded by the waves, which h.4ve rolled them 
against each other, and which often appear to have brought them 
from a distance. There are also similar masses of pebbles found at 
a ver}-^ great elevation, to which the present sea appears never to 
have been able to reach. AVe find them in the Alps at Valoraina, 
more than C,000 feet above the sea level ; and on th« Moimtain of 
Bon-homme, which is more than a thousand feet higher. There 
are some places httle elevated above the level of the sea, which, like 
the famous plain of Crau, in Provence, are entirely paved with peb- 
bles ; while in Norway, near Quedlia, some mountains of a consider- 
able magnitude seem to be completely formed of them, and in such 
a manner, that the largest pebbles occupy the summit, and their 
thickness and size diminish as you approach the base. We may in- 
clude in the number of these confused and irregukr heaps, most of 
the depositions of matter brought by the rivers into the sea, and left 
on the banks, and perhaps, even those immense beds of sand which 
cover the centre of Asia and Africa ; and in general, it may be eaid 
that the tertiary rocks very nearly approximate to these conftised ac- 
cumulations. 

§ XII. — Lava akd Basalt. 

Lavas are the well-known product of existing volcanoes, which are 

found spread above all other strata, around the cratere which liavo 

ejected them, like so many streams around one conmion source. 

The black-looking t-orrc^nts of these substances sometimes assume the 

ppearance of crystallization, or a separation into lamin:e, or into 

oundish blocks. Sometimes they are compact, and sometimes porous. 

jTbey an; often onlvono mass of econtc, ot as\vvi^,>\\vi\ft^Vj ^^i^stV*^ 
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cement, and fbnn wliat we may call volcanic tufa. The strata, or 
layers, which we observe in lava, and which are commonly separa- 
ted by thin intervening layers of vegetable mould, indicate the number 
of volcanic eruptioas which have successively produced those differ- 
ent strata. 

None of these appearances slyq common to those celebrated sub- 
stances known under the name of basalt, which is only an older 
kind of lava. This substance is seen in the form of prismatic col- 
umns, sometimes elevated perpendicularly, as in the Cave of Fingal, 
and the Giant's Causeway ; sometimes inclined towards the horizon, 
at different angles ; sometimes lying horizontally, ranged like logs 
of wood, and enclosed in fissures, as in the Faroe Islands, or free and 
unconnected hke the basaltic circle, in the Island of Mull. But it 
is never found overlying tertiary rocks. 



'^ § XTTI. — Drift Formation. 

The fragments of granite, and other rocks, thrown here and there, 
upon secondary and tertiary rocks, exhibit a phenomenon as indis- 
putable as it is astonishing. All the chains of Mount Jura ; all the 
mountains which skirt the Alps ; the hills and even the plains of 
Germany and Italy, have blocks of granite scattered over them, 
frequently of large dimensions. The same phenomenon is also re- 
peated in the plains of Russia and Poland, Denmark and Sweden ; 
and it is very common in North America. 

Jutland is so fiUl of these fragments, that the inhabitants use 
them for enclosures for houses and for churches. These blocks are 
rounded by the action of water. In Lymfiord, a Gulf of Jutland, 
and at some points on the western coast of tliat peninsula, sharp 
peaks of granite shoot up from the bottom of the sea. But what is 
most remarkable, is to see enormous masses of granite lying upon 
the summits of mountains, some of which are near 6,000 feet above 
the level of the sea. 

Such phenomena are observable all over the northern hemisphere, 
to the 40° of N". lat. The rocks of this kind deposited in one place,- 
are sometimes 30 feet thick. They are of various sizes, some weigh- 
ing many toas, and some being small pebbles frequently mixed with 
sand. The whole appears to have been drifted or swept from the 
north by a powerfril rush of watere, which probably arose from an 
elevation of the bed of the Arctic Ocean. The large blocks, (some 
of which were carried several hundred miles, and across deep valleys,) 
were probably floated on icebergs. Geologists differ in the particu- 
lan of ftieir theories, but all agree in making ftomng \?a\ftT «sA Srr^ 
Quid agents, 

6" 
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g I. — Preliminary Obbkrvationb. 

Of the many dianges wbict have ever taken place ia the stnietuM 
and appearance of tiie earth, some are palpahle and undeniable, 
while others are less ob\ious, and only to be learned from extensive 
observadons and long chains of reasoning. We intend, at present^ 
to conSne ourselves to the former of these : and when the agendei 
now in operation, and the chan>^es which buve iinqnestiunably taken 
place, are well understood, we shall occupy the vantage-ground for 
extending our researches, if we are so minded, to those other changea, 
the knowledge of wliieh discloses the physical history of this planet 
since first the elements of primary chaos were set in motion by tlie 
Great Creator. 

The atmosphere generates meteors, whose slow but constant efTed^ 
by aecumnlating iVora age to age, must ullimately lead to moat' 
estenfiive changes. The winds, which root up enUre forests, ham, 
at Bome remote period, eerved in laying the foundations of coil 
mines. The rwna, by running down the sides of roountans, b«B: 
and harden them in some parts, while in others, they increase thai!' 
elevation. The hail and snow, by accumulatigii, produce masei 
Trhence flow impetuous rivers, which excavate the valleys. Some- 
timea the mountam tops are fiirrowed by thunderbolts, which rend' 
their rocks. The air itself is possessed of a considerable dissolvhig- 
power, which ultimately decomposes all known substances. Hu 
roost solid rock is cleft and divided into stones ; these crumble inti) 
gravel, or dissolve in sand, which are carried by the winds and waten 
to a great distance. The succession of heat and cold, drought and 
humidi^, accelerates that slow disintegration which is constantly 
going on before us. . The wind disaeminatea the seeds of flowers, aad 
they germinate in distant lands; it transports whole clouds of voW- 
nic ashes, and holds in solutjon, a great number of watery, saliae,. 
and earthy particles. Thus the air contributes to change the sur&Oft. 
oi tike earth. Its action is also especially perceptible, in the oonrtwhi 
' u of mo-iing sands, the effiicts of which hnve been aewnb| 
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felt in many parts. In Greenland, the famous ridge of pure ice, 
named tlie Iceblink^ is situated between two promontories of moving 
sand, with which the wind strews vessels more than 12 leagues dis- 
tant. Thus the phenomena of the African Deserts, are met with 
near the Pole. 

Man's industry, though apparently feeble, changes the fece of 
nature. Here he clears away forests, and there he renews them ; 
here he di'ains lakes, and there he forms them ; here he forms arti- 
ficial mountains, and there he levels those raised by nature. This 
bLows what gi'eat effects may be produced by a continuance of small 
efforts. 



§ n. — Changes produced by Vegetation. 

Aquatic plants often change a marsh into a damp meadow. 
Tliese are such as the hippuris, the utricularioe, the equisetum, and 
Afferent rushes, which form, by their interwoven roots, a floating 
tinne upon muddy water. Next, the sphagnum palustre is diffiised 
over the surfece, absorbs the water like a sponge, and creates a bed 
for the l»iers and Ucliens, which thicken and raise the soil by their 
annoal depositions. At other times, the expanse of a tranquil bay 
is peopled by water lihes, the arundo, phragmites, and other plants 
which retain the eai-thy pai'ticles cast up by the waters. As soon as 
Hdb mud has acquired a Httle solidity, we see the ^viUows spring up, 
and osiers, and other trees which prefer an aquatic soil. Vegetation 
oantributes in other ways to change the appearance of the earth. 
Iliat slender plant, the moss, which mounts up the walls of a deserted 
bmldiiigy by being repeatedly decomposed and renovated, will, some 
MMB hence, have covered and even buried beneath it, those stately 
pues which were reared by luxury for royal abodes. The remains 
of the vilest animals are collected in heaps, where the thrones of 
mmarchs once ghttered with splendor. Brambles cover the temple 
of Jupiter, and the towers of Babylon lie hid and mouldering be- 
neath the grass. 



§ in. — ^Degradation of Land by Aqueous Agency. 

Mountains sink down or separate 'nto fragments, from the agency 
of^ other causes than earthquakes or volcanic explosions. Tlie waters 
of a rapid river, a lake, or even of a subterraneous current, consume 
•nd secretly undermine a mass of rocks or sohd earth. The beds of 
Band, gravel, clay, and chalk, which serve as a a\ipi^ot\,, 2ct^ $iijs&Q^N^^ 
or swept awBjr; an excavation is formed, and IIlq ^w^emiONsca^^R^ 
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mass of earth or rocks sinks down by its own weight. Sometimes 
there is a fissure, by moans of which part of the moimtain is de- 
tached from the principal mass, and overturned in consequence of 
being deprived of its natural support. These kinds of fissures are, 
in argillaceous rocks, merely the efiects of dryness. 

In granite rocks, they appear to arise firom the decomposition of 
certain laminae, of a less powerful crystallization, acted on hj the 
oxygen of the atmosphere. The granite of Finland, named Kapa- 
hiwi, is decomposed, whenever there predominates in its composi- 
tion ferruginous or sulphuro-ferruginous mica. Thus the moun- 
tains may be destroyed even by the influence of that imperceptible 
humidity which is inherent in all terrestrial substances. 

The action of water is greatly assisted by frost. It enters the 
fissures of rocks, and by freezing there, gradually separates their 
parts till some roll down into the valleys, or are carried away * 
by streams. The degrading action of water is particularly powerful 
on cultivated land, be^cause the surface of the earth is loose and 
unprotected by roots or creeping plants. At first sight, we might 
suppose that the degradation of land would be very rapid within 
the tropics, owing to the violent rains and floods : but the thick 
vegetation and matting of roots and plants aflbrd such a strong 
protection that the land seems generally to be less affected by the 
waters than in many parts of the temperate zones. 

The degradations which occur from excavations, happen annually in 
mountainous countries, along rivei-s. It is thus that the Rhone has 
formed the vault in which it seems to hide itself or lose itself. It 
is thus that the Adige swallowed up the to>vn of Neumark and 
others, in 17G7. In the south of Norway, the rapid Glommen 
descends from the summit of the Dofrine Mountains towards the 
North Sea, and forms a little above its mouth the fine Cascade of 
Sarpen. The eddy of the waters from this cascade has formed 
under its bank a subterranean lake, 600 feet deep. The Castle of 
Borgne was engulphed in this excavation, and disappeared, so that 
nothing appeared in its place but a lake 800 feet long, and 300 to 
400 broad. The disaster of Pleui*s, in Chiavenna, arose from a 
similar cause. Rivers and springs without number wore away tlio 
foundations of Monte Conto. In 1618, the masses of rock which 
composed the mountain separated from each other, and rolled upo!i 
the town, which they con ipletely overwhelmed ; and a lake occupied 
the site of 200 houses. 
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§ IV. — Origin op Subterranean Forests. 

The plains experience depressions of another kind. The platforms 
of turf suspended upon water sink under the weight of forests, 
houses, and inhabitants. Ireland frequently sees the number of its 
lakes increased by the sinking of its bogs. It is to these that sub- 
terraiiiean forests owe their origin in some degree. Some are formed 
like those in Lincolnshire, England, by the sinking down of marshy 
coasts, and by ancient invasions of the ocean ; others, Hke those dis- 
covered near Morlaix, owe their subterraneous situation to changes 
anterior to the present epoch, but are met with generally in peat 

rounds. In the Isle of Man, in the midst of a marsh 20 feet deep, 
trees are found still on their roots. Near Asarp, in West Goth- 
land, there are two peat bogs, composed of a thick mud and a 
slight turf We discover there a great quantity of trunks and 
loots of trees, which are carried off every year for fuel ; the follow- 
ing year they are equally abundant, which arises unquestionably 
from an immense collection of trees buried in the ground, and 
raised to the sur&ce by the annual thaw. 



§ V. — ^Formation of Lakes. 

Many lakes are foi-med in Prussia and Poland. That of West 
Friesland was formed in the 12 th century. By degrees there was 
fermed on its surface a crust of sUmy, peaty substances, which, in 
their turn, were covered with vegetable mould. This crust is now 
strong enough for a carriage to pass over it, and to be labored, 
sown, and reaped. At the same time the inhabitants have only to 
make two or three holes, four feet deep, to find water necessary for 
steeping their flax. 

Terrible disasters mark the existence of subterraneous lakes, where 
no one suspects them. In 1792, a lake was formed in the town of 
Lons Le Saulnier, It is supposed that this was an old pond of 
brackish water, on which there was formed a pellicle, then a slight 
v^;etable crust, then gromid apparently solid. But a drought having 
made the subterranean waters fall, this crust was deprived of sup- 
port, and sunk down. Mount Jura presents a number of vestiges 
of similar sinkings. The Pyrenees, another calcareous chain, ex- 
hibit them in as great abundance. The Julian Alps, where the 
&mous Lake of Oirknitz is, contain in their numeroui\ caveii^ TSias^ 
similar reservoirs. 
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§ 'S I. — Landslips. 

There is another species of catastrophe which is not less extraor- 
dinary in its causes, than destructive in its effects ; and this happens, 
when one bed of earth or rock sUdes over another bed without 
breaking, or separating into pieces. An example of this may be 
cited in the slip that happened at Solutre, near Macon. After some 
great rains, the strata of earth which lay upon the Mountain of So- 
lutre, slid along over beds of calcareous stones, which compose the 
body of the mountain. They had already advanced several hundred 
yards, and the village was about to be buried in ruins, when the rain 
ceased, and the mass of earth was arrested in its progress. A still 
more astonishing example is found in a part of the mountain Goima. 
in the Venetian Territory, which detached itself during the night, ana 
glided along with se^'eral houses, which were carried into the ndgh- 
boring valley. In the morning, the inhabitants, on awaking, feimd 
themselves at the bottom of a valley, instead of being on a moim-. 
tain : and this happened so gently, that they did not perceive it till 
next morning. 

A landslip often occasions a lake, by damming up a valley. These 
avalanches are often occasioned by volcanic shocks and earthquakes. 
They are also, in several cases, owing to heavy rains washing away 
part of the rock's support. They might sometimes be prevented, by 
cutting drains and canals in the sides of mountains, to let off their 
superfluous watere, and by dikes, walls, and deep ditches, to stop or 
weaken their movements. Landshps are not uncommon in the 
Northern States ; and our readers are probably well acquainted with 
the details of that which happened at the Notch in the White Moun- 
tains, in 1826. 



§ Vn. — Giant's Cauldrons. 

Another singular phenomenon occurs, with no outlet, called in 
Sweden, Gianfs Cauldrons, These are singular excavations, some- 
times of a spiral form, having their sides very smooth, and situated 
on the sides of mountains, and frequently containing, in the centre, a 
rounded^stone. Several of these have been observed in the United 
States, near Fort Nicholson ; several occur also in Siberia and Swit- 
zerland ; but there they are met with chiefly in gypsum, or in 
Hmestone rock. In America they exist in granite. They are sup- 
posed to have been formed by running waters, which had become 
en^lphcd there, and had imparted a rotatory motion to a stone de^ 
tached £roin a neighboring rock. In admiUim^ ^iXa& ^i;?^^»2[^adikkTi^^^ 
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Giant's Cauldron in Sweden would prove the fact, that there was a 
time ^vhen granite Avas not harder than gypsum — ^at least, in some 
localities. 



§ Vni. — Drying up of Lakes. 

There are many lakes which hold in solution saline, eaiihy, metallic, 
md bituminous substances; and these form sometimes simple de- 
posits : at other times they are precipitated to the bottom of the lake 
by chemical action. The different gases and acids with which their 
waters are charged, may give rise to crystallization. The remains of 
the beings that live and die in these watere, create calcareous beds 
of earth. Trees and vegetables are carried along by the waters, 
and form floating isles, which, by degrees, unite together, and either 
cover the lakes with a cmst of earth, or by sinking, elevate their bed. 
And thus the lake is gradually filled up. In all mountainous and 
marshy countries there are numerous instances of small lakes being 
dried up by these causes. We may, therefore, safely infer, that the 
formation of several extensive plains is to be ascribed to the drying 
up of inland seas, or great lakes, as for example, part of those which 
border on the Caspian Sea. Indeed the i^ict is undeniably proved in 
many cases, by the materials of which the plains are composed, and 
the organic remains which they contain. 

g IX. — Changes produced by the Sea. 

A very long experience, of more than twenty centuries, sustained 
by historical facts, seems to prove that the present sea, considered as 
to quantity, is in a state completely stationary, so that the evapora* 
tion of its waters is equal to the quantity with which the rivers aug- 
ment it, and its extent is neither diminished nor enlarged. But local 
circumstances, like the clearing of waste land, the destruction of 
forestH, and the choking up of rivei*s, may, for a time, alter the level 
of inland seas. Other local or temporary causes may produce the 
same in the ocean ; that is, not a change in quantity, but small os- 
cillations, which, making the ocean retire, by subverting the equi- 
librium of the waters, occasion the formation of new ground on one 
side, and on the other, inva^^ions of the sea upon the land. These 
changes, however, are too Umited to affect the form of great conti- 
nents. 

The present sea makes an effort in two ways, to change the form 
of its banks : 1st, it creates new lands, by depositing sand, ^avel.^ 
iheUa^ aod nmnno plaut% and by casting up, and \)^ t^\««!l\\\^ '^^ 
" Mod other sabstuncea brought down by rivets \ *i^\s^ >35v^x- 
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mining the mountains which border on it, and thus causing them to 
£sdl. The seas of Europe will exemphfy these changes. 

Along the eastern coasts of the Mediterranean Sea and its golfiy 
there is but little increase of land. The Island of Tyre, however, 
has been united to the continent by marine deposits. At the month 
of the River Pyramus, in Cilicia, a bed of sand has extended the 
modem coast six miles beyond the ancient ; and similar eflfects hav* 
occurred on the southern shore of Asia Minor, where the coast s 
flat. The inhabitants of Miletus and Ephesus have several times 
changed the situation of their respective cities, to follow the receding^ 
sea. On the other hand, it is alleged, that the sea makes encroach- 
ments upon Istria and Dalmatia, columns and pavements in Mosaio 
being there found under the waters. 

The western coast of Italy presents, in a small space, two phenomi- 
ena of contradictory appearance. The Pontine Marshes now cover 
part of the Appian Way, while at the month of the Tiber, we perceiire 
land that was not there in the time of the ancient Romans. It is not 
the sea, but the rivers, which, having been choked up at their mouths, 
cover the Appian Way. In the same way, if the renowned villas of 
Baiae are now found buried beneath the water, the reason is, that 
these edifices, once the abodes of luxury and ostentation, were built 
at first in the midst of the present sea. On the coasts of Spain and 
France, the Mediterranean has receded. Aigues Mortes in Langue- 
doc, was formerly near the sea ; now it is 2 leagues, or 6 miles, dis- 
tant. The port of Barcelona becomes every day less deep. 

In the Gulf of Venice, very remarkable changes have occurred. 
Ramazzini, having observed that all the country round Modena is 
suspended over a subterraneous lake, and that a great number of 
shells are to be found there, is persuaded that Lombardy has, in a 
great measure, been formed by the combined deposits of the River 
Po, and the sea. The Po used to inundate whole provinces, but has 
been confined by dikes, which have elevated the bed of the river, so 
that the level of its waters is now raised several feet above the lands 
which surround it. The grounds near Ravenna have sunk so low 
that the pavement of the Cathedral is only six inches above the 
level of high water.; and the land is extended so much, that this 
town, formerly situated in the midst of canals and marshes, and fur- 
nished with an excellent port, is now three Italian miles from the 
sea, and surrounded by meadows and fields. 

The sum of additions made to the land on the shores of the 
Mediterranean is supposed to be more considerable than the en- 
croachments of the water. 

A great many celebrated harbors retain precisely the same position 
they aJwajs had in early times. The ruins of Herculaneum touch 
the sea, and so they did in the time of Btia\)o. 
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The Atlandc Ocean has made some addition to the land upon the 
o>ast3 of France, and contributed to raise the level of those sandy 
plains which reach from Bordeaux to Bayonne. Several bays have 
been filled up, and the Adour River obliged to find a new outlet to 
the sea. A district between La Rochelle and Lucon, and, in general, 
all the marshes of La Vendue, have been gained from the ocean. 
But near Dob the sea is regaining possession of the lands which 
Ibrmerly belonged to it 

We see a striking example of those changes to which the action 
of the sea upon the land appears to be subject, on the coasts of Hol- 
land. In the remotest periods to which histoiy extends, these coun- 
tries were innmaense marches, for which tlie sea and rivers mutually 
contended. The first deposited sand, the latter mud ; and thus were 
finrmed the more elevated grounds, which were, in some measure, 
habitable. Human industry directing the course of the rivers, 
checked the fiiry of the waves by immense dikes, and thus created a 
oountry in the bosom of the waters. Tliere still remain lakes, bogs, 
and marshes ; the rivers silently undermine these ill;Consolidated 
grounds, and the sea penetrates them through the large openings of 
die rivers. 

On the other hand, the sea brings to the shores of the main land 
a great quantity of greasy mud, clay, and sand ; and when these 
sabstances have acquired some consistency, the ground is enclosed 
with dykes. The soil thus formed becomes so fertile, that in a few 
years it indemnifies the cultivators for all their labor and expense. 

On the coasts of Jutland, the sea has filled up with sand several 
gulfe which afforded a retreat to pirates, and it has probably formed 
the isthmus that now divides Jutland from the Gulf of Fiord, which 
was formerly a strait A part of the northern and western coast of 
Jutland appears to owe its formation to the sea, which, by accumulat- 
ing sand, has made an imbroken coast of what was once a cham of 
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PART IV. 

MINERALOGY, OR DESCRIPTION OP THE CONSTITUENM 
OP ROCKS, AND OP THEIR PRINCIPAL COMPOUNDS. 



§ L — ^Preliminary Observations. 

The science of Mineralogy discusses the properties and relations 
of all minerals : but Physical Gec^raphy takes cognizance only of 
such minerals as enter largely into the composition of rocks, or smA 
as are of general interest on account of their great utility ; and even 
of these, it descidbes only such properties as tend to unfold the stmo- 
ture of the earth's crust. It neither describes those corpuscolar 
properties of minerals which belong to chemistry, nor those meehaR 
-ical properties which belong to general physics and meteorology. It 
is to be understood, then, that the present subdivision treats of 
geographical mineralogy only. 



§ II. — Limestone, or Carbonate op Limb. 

Limestone, a chemical compound of lime and carbonic acid, is a 
very abundant substance on the earth. It belongs to every geologi- 
cal epoch, and to every soil. Among the primary rocks, it constitutes 
one of the principal formations. In this series it is seen in its pure 
state, in immense beds, the peculiar character of which is a lami- 
nated or scaly texture, which indicates a confused crystallization. It 
abounds still more in the secondary rocks ; and it is found also in 
the third order, combined with clay, with which it constitutes the 
various marls. 

It forms, also, vast beds in the state of chalk, frequently accompa* 
nied by large masses of calcareous marine shells, compressed together, 
and broken. We are, therefore, led to consider chalk as a very an- 
cient product of the altered and obliterated remains of shell fish. Il 
is well known that the madrepores, and other polypi of the equato- 
rial seas, form chalk continually in great quantities. The port of 
Bantam was shut up in less than a century, by rocks of coral formed 
bj polypi. Limestone is discovered, mixed with flints and colored 
tosrbJes, in alluvial soils, where it lias \)eeii deX/^\ib^\>^ ^^ «!c^<(jstf»A 
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that liave taken place. There are, however, countries where chalk is 
not found ; where, hitherto at least, it has been rarely seen, as for 
instance, in the neighborhood of the Cape of Good Ilope, and in the 
granite and volcanic Peninsula of Kamschatka. 

The carbonate of lime, confusedly crystallized, forms the building 
materials of France. When it possesses a finer grain, it forms a sort 
of marble, of no great value. According as it becomes harder, and 
purer, and smaller in the grain, it receives a much finer polish, and 
IS better fitted for the chisel of the sculptor. It is then properly 
called marble. White statuary marble from Carrara, in Italy, is 
esteemed the purest of any. Pure carbonate of lime is always white. 
The colored marbles are formed of calcareous matter, mixed more or 
less with extraneous substances. Every country possesses its peculiar 
q>€cies of marble. 

Crystals of the carbonate of lime, under the name of calcareous 
^pavy are found generally in calcareous subterraneous cavities, and 
in all its veins. They ser\'e to ornament every cabinet of mineralogy. 
Of stalactites we have already spoken. 

Calcareous alabaster differs from marble only in being less puroi 
more variegated in its colors, and somewhat more transparent 



§ m. — Sulphate of Limk and MAaxxBiA. 

Sulphate of lime, or lime combined with sulphuric acid, is com- 
monly called gypsum^ and sometimes plaster stone, and planter of 
Paris, When ciystallized, it is called selenite. This stone is divisi- 
Ue into brilliant and transparent lamina?. It was used by the an- 
dsat&j instead of glass, for windows. It very much resembles foliated 
BDca, yet it is totally different in composition. Compact sulphate 
of fime, fine, close-gi*ained, and of a beautiful white color, constitutes 
fjfpteous alabaster, or alabastrite, which has so often afforded the 
poets a term of comparison to express the whiteness and snowy 
Mority of the complexion. Sulphate of lime often forms hills or 
ntUe mountains, and sometimes it is found in strata, among seconda- 
IT <Hr tertiary formations, but rarely, if ever, among primary rocks. 
Ilie north of Europe and Asia furnishes very little sulphate of lime. 

The sulphate of magnesia, — or magnesia combined with sulphuric 
add, — ^known imder the name of epsom salts, is found in many 
mineral waters, particularly all those in the neighborhood of Mont- 
pdlier. It is also found in a state of efflorescence upon the surface 
tf elfly alate, from which it can be easily collected. 
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§ rV. — Saltpetre and Common Salt. 

Nitrate of potassa is composed of potassa, nitric acid, and the 
water necessary for its crystallization. It is generally known under 
the name of salt2)etre, or nitre. It is constantly formed in those 
places, which, like our sttibles and cellars, contain animal and vegeta- 
ble matters in a state of putrefaction, or which receive the effluvia 
of those substances. It is also deposited upon the surface of old 
walls. As this article is much used in the manufacture of gun- 
powder, and aquafortis, or nitric acid, they make artificial nitre beds 
by means of a mixture of vegetable and animal substances. 

Chloride of sodium, or common salt, is com|K»sed of sodium and 
chlorine. It is s])read throughout natiu*e in an abundance corre- 
sponding to its extensive utility. When found in a crystallized 
state, it is called fossil or rock salt. There are immense masses of 
it in Poland, in Hungary, in Bohemia, in Austria, in Hanover, in 
England, in Spain, and generally in all secondary countries. Great 
quantities of this salt are held in solution by the water of the ocean, 
as we have already seen. Sea water is sometimes evaporated in 
shallow ditches, or pits, by the action of the sun, sometimes in 
large vessels, by the aid of fire, and the salt prociu-ed from it has 
different degrees of strength and sharpness. Some lakes, rivers, 
and springs contain salt, pai'ticularly in the neighborhood of the 
Caspian Sea, where even the soil is impregnated with it. Salt lakes 
are generally found near hills of marl, clay, hmestone, and gjrpsum. 



§ V. — Salts of Soda, Ammonia, and Alumina. 

Borax, or biborate of soda, is of great utility, especially in the 
melting or soldering of metals. This substance is found as a native 
production in some lakes and caverns in Thibet, Nepaul, Persia, 
Tartary, and vSaxony ; but it is also obtained by a method similar to 
that used for procuring nitre ; and it is also largely manufactured 
from native boracic acid. 

Carbonate of soda is found in certain lakes in Egypt, — ^in the 
Lake of Kis-Maria, in Hungary, and in the lakes situated in the 
plains north of the Caspian Sea. It sometimes covers the plains 
Avith a shght efflorescence. It is now manufactiured very extensively 
from common salt and sulphuric acid. Immense quantities of it 
are used in making soaj) and gla.<^s. 

The hy drool ilorate of ammonia, commonly called sal-ammonicu:, 
occurs in Egyj)t and Persia. It is also found in small quantities 
round the volcanoes of Sicily and lta\y *, and \\. S& ixvaAa Vtv ^n^\«L 
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countries of Europe. Mixed with pounded ice, it produces an in- 
tense artificial cold. 

The salts under consideration seem particularly to abound in 
plains that are surrounded by mountains ; and were formerly the 
basins of lakes now become dry, or partly run out. The great 
desert of Saliara appears to be a similar basin covered with saline 
efflorescence, while tlie country watered by the Niger is totally free 
from it. Brazil, in America, is destitute of salt, while Paraguay 
'abounds with it. 

Common alum is a compound of sulphuric acid, alumina, and 
potassa, and is termed in chemistry, the double sulphate of potassa 
and alumina. It is found by itself only in very small quantities ; 
but it is extensively procured from a kind of clay slate containing 
pyrites or sulphuret of iron. 



§ VI. — ^Alumina and Silica. 

Pure alumina, or sesquioxide of aluminum, is distinguished among 
the elementary earths, by its tendency to mix and unite itself with 
water. It is found blended with the most dissimilar substances. It 
is the main constituent of common clay, and of several gems ; and 
it enters largely into the composition of all slaty rocks, granite, 
basalt, and all the other principal rocks, except limestone, so that 
next to quartz it may be considered the most abundant mineral 
which enters into the composition of the earth's crust. 

Quartz, silica, or silicic acid — a compound of oxygen and silicon — 
is by far the most abundant solid substance in nature, so that it has 
been justly styled the basis of the inorganic kingdom. In most 
rocks it is the principal, and in some of the primary it is the sole 
constituent. 

• When quartz is found in round or angular grains, without cohe- 
sion, having a vitreous surface, it is esteemed of no value, being 
nothing but sand or gi'avel,- and fit to be used only in the formation 
of roads. If these small grains are united by a natural cement, 
they form sandstone. 

When the same substance has by natural friction been fashioned 
into small round masses, it is raised into the rank of crystalline 
flints. When, in consequence of a more regular crystallization, it 
is of uniform density, and perfectly transparent, it occupies a distin- 
giusbed place in the collection of amateurs, under the name of rock 
crystal^ which is now extensively used in jewelry. This is an abund- 
ant substance, and in some parts forms whole rocks. ^ 

When of a violet or purple color, the rock cvy&Xa^ \i^c«tafc^ amfc- 
%^«^ and in this state h highly valued, and dassfcd ^xsisya^ ^jismsv 
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When blue, it is the sapphire,- which is not so precious. When it 
assumes tlie c^lor of rose, it is the Bohemian ruby, the most valuable 
of all. When yellow, it is the occidental topaz ; when of a green 
color, it constitutes prase ; and when of a yellowish brown, it forms 
cairngorm, or false topaz. Chalcedony quartz is of a bluish gray 
color, and of an imperfect and cloudy transparency; cornelian is 
only a red chalcedony, of a cherry-like, semi-transparency, and some- 
times of a beautifiil carnation hue ; and the chrysoprase is a chalce- 
dony of a delicate and clear green. Agate is a chalcedony where 
the colors are distributed in spots, clouds, or bands. They give the 
name of omjx to agates formed of two translucid stripes of different 
colors. Oriental agate is distinguished by the fineness of its compo-. 
sition, and the peculiar appearance given to its interior by its various 
undulated laminae. The various colors of the preceding gems are 
owing to the presence of a small quantity of some oxide : for pure 
quartz is quite transparent. AVhen quartz agate is less fine in its 
composition, it is used for gun-flints, and for mill-stones. 

Opal is a brittle, milky, resinous quartz, with a certain quantity 
of water. When it exhibits a beautiful play of colors, like those of 
a rainbow, it is called ' perfect or precious opal. These vary theu 
shades according to the i>osition. This variety is highly prized oi 
account of this brilliant ap^jearance, whidi, however, aiises solely 
from minute cracks or fissures, with which it is filled. When di- 
vided, it no longer displays this pleasing and changeable effulgence 
The hydrophane, or semi-opal, is one which is not usually transparent 
but becomes of a beautifiil transparency when plunged in water. 

Jasper is a quartz agate, blended with alumina and a little iron 
which gives it a variety of colors. In general, all quartz agates be 
long to secondary rocks. 

The beds of silex, commonly so called, viz. : gim-flints, mill-stonea 
and common flint stones, though inconsiderable in regard to th« 
whole globe, present, in respect to their situation, some remarkabU 
pecuharities. Strata of silex often alternate with those of chalk. 
Hence, some naturalists erroneously thought that they were tha 
petrified remains of marine animals. This rock is entirely absent in 
Siberia, and is chiefly confined to particular regions. 

Quartz aboimds in every soil. It is one of the integral parts of 
most varieties of granite rocks. It also enters, in the form of crystal- 
hzed grains, into the composition of many rocks of porphyry. 

There is scarcely any secondary rock in which we do not find 
quartz, in masses, in veins, or in crystals. 

Arenaceous quartz, or sand, covers almost entirely the bottom of 
" the sea. It is spread over the banks of rivers, and forms vast plains, 
even at a very considerable elevation above tlie level of the sea^ as 
the Desert of Saharn, in Afnca, and Ck>\A, m K&\a, MAxoaxi^ tjCi^ia^ 
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This quartz is produced, at least in part, from the disintegration of 
the primitive granite rocks. The currents of water carry it aiong, 
and when it is in very small, light, and rounded grains, even the 
wind transports it from one place to another. The hills are thus 
made to move like the waves, and a deluge of sand frequently inun- 
dates the neighboring country. Sand furnishes, by fusion, one of 
the most useful substances we have, viz. : glass, which being less 
hard than the crystals of quartz, can be made equally transparent, 
and is equally serviceable to our wants and pleasures. There, it 
shines in walls of crystal in the palaces of the great, reflecting the 
eharms of a hundred assembled beauties, in the form of mirrors ; 
here, in the hand of the philosopher, it discovers, in the form of the 
^lescope, the worlds that revolve alx)ve us in the immensity of space ; 
md in the kindred form of the microscope, it discloses the no less 
astonishing wonders that we tread beneath our feet. 

We shall now speak of the precious stones which are mainly com- 
posed of alumina. Tlie red variety of this class is the true oriental 
ruby; the blue, the oriental sapjMre ; and tlie yellow, the oriental topaz. 
These valuable and brilliant substances consist of 98 parts of alumina, 
crystallized, and 2 of iron. Of gems containing both silica and 
alumina, the most important are the emerald and the beryl, which 
di£fer only in the coloring matter. The princij)al ingredient is silica, 
with 16 or 1*7 per cent, of alumina ; from 12 to 15 per cent, of glucina, 
and some iron. 

Garnets contain less silica, and generally more alumina than the 
preceding, and always a large proportion of lime and iron. The 
garnets of Bohemia, of a deep, bright red, and those of Syria, of a 
purple, violet color, sometimes contain one third or two fifths of iron. 
The oriental garnet is very magnetic. It is a singular circumstance, 
that such a quantity of iron does not injure transparency. The gems 
we have just been considering, are found cliiefly in the oldest rocks, 
though they sometimes occur among the secondary rocks. 



§ Vn. — ^The Diamond. 

The king of gems is the diamond, or used to be considered so ; 
bul> it is so no longer. Modem chemistry has proved, by multiplied 
and decisive experiments, that the diamond, far from resisting the fire, 
like all true gems, is entirely dissipated, without leaving any residuum 
whatever. Consequently, the diamond is now classed among com- 
bustible substances, along with sulphur, amber, and coal. It appears 
that tiie diamond consists of pure carbon ; and it is uo^ <iCPo&\^<s^<i^ 
to differ fittm charcoal only in being cryalaXYaftd.. X^\. '">^» S& *^^ 
kMokst and most brilUant of all gems •, and aa \t &.Q«a» xicX»\s^^^ 



unless lieated to redness, its eombnsliljility detracts little from its 
value. It is gauerally found in drift, and most iibunduntly in Hin- 
dostun, Borneo, and South Ameriea. It lias I'ecently been employed 
for microscope lenses, for wlucli it is very superior to any other sub- 



§ VIIL— Felspar. 

Folsjiar ia composed piincipally of rilica, with iibout 20 psr cent, 
of dlnmina, and a con^idcriitjle '|uantity of potussa. Soine kinds 
contain soda and lime. If it )>o colored, it ii by the presonce of oxide 
of iron. It cuts glass, is phosphoric, and emits sparks when struck 
by steel. Felspar furms tbo base of iimny rocks, and i>redtnni- 
natee in those of a primitive formation, cons tjtn ting sometimes two 
tliiids of the snbstance of gramte. Estenaivo mount^ns nre some- 
tiraea solely composed of it. Guldensteldt tvlls iis, that felspar, 
either pure or mixed with granulnted quartz, forms the vast plain of 
1^ rodcs which extends from both sides of the cataracts of the Dnieper. 
The foasea of the fort of Sacliarowa, are cut out of natural felspar, 
, It is to this snbstance that ]Kirphyry roeks oire the distinct spots 
which MTBB out of their generiil color ; but these rooks rarely present 
themselves under re^lar fonns. The fine crystals of felspar, 
whether opaque or colored, or limpid and trarsparent, occur in pri- 
maiy rocks ; and the Lombard Alps have mostly fumialied what the 
cabinets of France consider the most iwrfect Biwcimena of this kind. 
But the moat beautiful crystals of felspar, wliicli join to a line green 
color a great degree of transparency, are found in detached blocks, 
or masses, in the steppes of the Kirguis, whence tlie Eucharians carry 
them to Semipalatnoi. The moim tains of Siberia, towards the Lake 
Baikal, have supplied those large plntea of aanrc felspar, with which 
the palace of Czarekoselo is adorned. It appears, tlien, that this 
BulMtance abounds still more in tb? Alps of Aaia, than in those of 
Europe. On the contrary, America does not appear to afford it in 
large quantities. 

Felspar, even when decomposed, atill maintains a character of im- 
portance. It is found in extensive beds, from the Uralian Monntsuna 
to Karaschatka. Of the two substances which the Chinese use in 
making porcel^n— the one named pctunK, is a whitish, laminated 
felspar; the other, called kaolin, is a ekyey felsp^ir, that is, felspar 
that has jiassed by deoompoaition, from the atate of a atone to that 
of a very brittle day, without cohesion, — combinin" with water,~of 
ft fine white color, and infusible by itseU", the petunz acting 
flu*. Ttie same substances are emiJoyed itt Esrope in th« 1 
Hire o/^poTOPJuin ware. ^ 
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§ IX.— Mica. 

Mica, I substance remarkable for its metallic brilliancy, is distin- 
guished from talc, by its pure, smooth surface, and by not being like 
talc, imctuous to the touch. The variety of mica which consists of 
large, thin, transparent laminae, is mistermed tiilc of Muscovy. It is 
called Muscovy glass, in consequence of the Russians, especially in 
Siberia, using it in their Avindows instead of glass ; but it soon be- 
comes soiled, and, in some measure, loses its transparency, by expos- 
ure to the air. Another variety of mica, in spangles of a yellow 
gold, or whitish silver color, is known by the ridiculous name of cat's 
gold, or cat's silver. The gilt sand, and gold powder which the 
paper-makers use for purposes of ornamentj^ are only mica in small 
fragments. 

Mica is found chiefly in the older rocks ; that which is imbedded 
in more recent fonnations having been conveyed thither after the 
destruction of the rocks which enclosed it. This took place the 
more easily, as its particles, thin and light, were susceptible of being 
carried along by the waters, which deposited them with other sedi- 
ments of an analogous nature. The remains of mica are also found 
in the beds of hard graystone, and clay slate, which generally 
alternate with strata of coal. Its fragments are still disseminated 
in the sands of the most recent epoch ; thus it exists in difteront 
states, in substances of every formation. It appears that in the south 
of Europe, mica is rarely found crystallized, by itself ; that in rocks, 
it does not form laminae of any sensible extent, and that even in 
the state of veins, its plates are only some inches in dimensions ; 
b«t all agree in asserting that it is found in Russia and Siberia, in 
laminated masses, sometimes more than two yards square. It is 
found in detached masses, and it sometimes appears on the surface 
of the earth, but is oftener covered with a bed of talc. Near the- 
Lake Baikal, and in the Uralian Mountains, we meet with masses 
oomposed of rhomboidal and hexagonal laminae of transparent mica, 
in the midst of granite, of which rock it forms a constituent element 
Mica generally consists of sihca, alumina, oxide of iron, and potassa; 
but different specimens differ not a httle in their composition, as is 
the case with many otlier minerals. 



§ X. — ^Talc, Hornblende, Serpentine, <fec. 

Taky which differs fi-om mica by the greasiiKisa o^ \t& ^oxfefife^Ssi 
akft leas hard, and k easily scraped vnttv sikmfe. C>\v ^^ ^^'st 
htm^ k di^is from soapy clay, because it fonoa ivo -^^^Xi^ ^^^^^et 
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and does not adhere to the tongue. The talc of Venice, which 
abounds in the Tyrol, and Valteline, is of a greenish white, silvery, 
and divisible into thin, tmnsparent, and flexible plates. It furnishes 
a j)owder, which rendei-s the skin smooth, and is employed as a cos- 
metic. The scaly talc, is kno\vn as chalk of Briancon. Steatite, or 
rock soap, is the graphic talc of Haiiy. This is the substance of 
which those little figures are made, which are brought from China, 
and whose grotesque appearance has caused them to be called magots, 
in allusion to a species of monkey, which bears that name. Talc 
consists mainly of silica and magnesia. 

This substance belongs equally to the primitive and secondary 
rocks, but is less common in the latter. The purest talc is found in 
detached nodules, imbedded in micaceous rocks ; but it occurs occa- 
sionally in granite, and in limestone. 

Hornblende^ otherwise called amjihlhole, is a dark, greenish rock, 
composed of silica, alumina, iron, hme, and magnesia. It is fre- 
quently translucent at the edges ; and this, with its color, su^;ested 
its name. This substance sometimes forms whole rocks ; it is ^ways 
the predominant ingredient in hornblende slate, and it occurs with 
felspar and quartz in some granites, in syenite, greenstone, basalt, 
and lava. Augite is nothing but a slight modification of hornblende 
and is identical with it in composition, as well as in general appear- 
ance. It occurs chiefly in basalt and lava. Felspar, and either horn- 
blende or augite, are the predominant and characteristic minerals in 
all the unstratified rocks. In granites, porphjrries, and trachyte, 
felspar predominates, while hornblende or augite is more abundant in 
basaltic rocks. In syenite and greenstone, the two kinds are nearly 
equal. 

Hypersthene resembles hornblende, but it is of a darker color. In 
composition, it contains much less alumina, and lime, with much 
more magnesia, and also more iron. It occurs with felspar, in hy- 
persthene rock, and in the granites, syenites, and greenstones, which 
are distinguished by the epithet, hypersthenic. 

Serpentine is a rock so named from its greenish, mottled appear- 
ance. It contains silica, an extraordinary quantity of magnesia, and 
hme, with some iron. It occurs in immense quantities in the United 
States. It is somewhat imctuous to the touch, and of a translucent 
appearance. It occurs alone, and intermixed with primary hmestone, 
constituting the beautiful marble called verde antique. 



§ XI. — Asbestos. 

This substance is also called amianthus, and \& chiefly fcniul 
among primaiy rocks. It occupies fiasuies «si(i ca?5\>aRft A ited^ 
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locks, serpentine rocks, and others abounding in magnesia. The 
asbestos which is found in the mountains of Tarantaise, in Savoy, 
forms silky filaments of more than a foot in leno^h. When people 
see for the first time a detached tuft of asbestos, they can scarcely 
be convinced that it is actually a stone, and not a s[)ecies of fine 
white silk. Asbestos abounds in Corsica. Dolomieu made use of 
it^ instead of hay and tow, to pack up other minc^rals. Cranipini 
says, the longest asbestos he ever saw came from the Pyi*enees. It 
abounds in the UraUan Mountains, and in Greenland. In Corsica, 
they mix asbestos with the clay used in the potteries ; which is 
thus rendered less brittle and more capable of resisting the su<lden 
alterations of heat and cold. The ancients spun the asbestos, and ' 
made towels, napkins, and head-dresses of it. WTien these became 
soiled by use they were thrown into the fire, which did not destroy 
the substance of the asbestos; and, upon being taken out, these 
articles of domestic use were found to be wliiter than if they had 
been washed. In the funeral obsequies of kings and emperora, the 
dead body was enveloped in cloths of asbestos before it was placed 
on the ^imeral pile, and thus the ashes were obtained quite un- 
mixed. In modern times, the Russians alone have attempted, but 
without success, to spin the asbestos. The inliabitants of the Ura- 
lian Mountains have still preserved some remains of this frivolous 
industry. The indestructible paper made from this substance appears 
more useful for preserving valuable records from the ravages of 
fire. Wicks for lamps are also formed of it, which easily imbibe oil, 
and bum with a brilliant flame. Father Kircher made use of such 
a wick for more than two years, without any perceptible decay ; but 
having \^t it by accident, he was prevented from continuing his . 
experiment. Perhaps the fabulous accounts of imextinguishable 
sepulchral lamps derive their origin from this circumstance. It is horn- 
blende, without any alumina, and with a greater proportion of iron. 

§ XII. — Sulphur and Caruox. 

The sulphur wliich is crystallized by the action of a liquid is 
found in veins or in beds, amongst sulphate of lime, or amongst 
potters' clay. These beds, wliich are often very extensive, bonier 
upon strati of rock-salt Crystals of sul[)hur sometimes adoi-n the 
interior of calcareous, or even quartz, geodes, or eagle stones. AVith 
respect to sulphur formed by sublimation, it is found in ]»o\vcler in 
striated masses, or even in crystals, at the month of many volcanoes, 
such as Etna, Vesuvius, and Mount Ilecla. Sulphur is often ob- 
tiuned from the putrefaction of animal mattxir. Several §A3i\i%laxvc.cv;ai^ '■ 
wotemgo^rs the sulphurous pyrites, are \m\>Yegcv?kX/ci^ ^wK'Oc^ 'fex^^xix* 
Wh eaanot doubt that sulphuric and B\\\\>\iWto\x& ^\"\ ^"^^^Xj^^ ^ 
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powerfiil agency during the primitive action of the elements ; but 
there is little in the existing economy of nature which can enabk us 
to penetrate these mysteries of " chaos and ancient night." 

Of cai'bon there are few traces found in the primitive rocks ; it 
occurs mainly in those of more recent origin. It seems to have 
been ejected from volcanoes, probably united with oxygen. We 
have already mentioned the diamond as a specimen of pure crystal- 
hzed carbon ; and although that gem is proverbially rare, its sub- 
stance is so common that carbon is considered the basis of organic 
nature, as silica is of the inorganic. It is an essential element in all 
animal and vegetable tissues, and occurs so abundantly in some 
formations, that they are styled carbonaceous. 



§ Xin. — ^Bitumen. 

This is one of the many substances which consist mainly of car- 
bon. When in a liquid state, it is of a brownish color, and com- 
monly bears the name of petroleum^ or mineral tar, and when it is 
white and transparent, that of naphtha. It filters through the earth 
and rocks, which remain impregnated with it. The springs, of it^ 9t 
Baku, in Persia, are well known. 

It floats sometimes like oil upon the surface of the waters. It is 
said that there is a lake of this description in Mesopotamia. In the 
duchy of Parma, it is drawn up in buckets from wells sunk in the 
earth for the purpose. The same substance, in drying, passes to a 
state of glutinous bitumen, named maetha, and mineral pitch. 
When it becomes solid, it is called asphaltum, and gives its name to 
Lake Asphaltites, or the Dead Sea, in Palestine. It appears that a 
subterraneous fermentation detaches from a bed of solid bitimaen, 
situated under the lake, those crusts of asphaltura that are seen 
swiramins: on the surface of the water. Glutinous bitmnen is found 
in Franc«B, at a place called Puy de La Pege, where it covers the 
earth, and sticks to the feet so as to incommode and retard the trav- 
eller. In Persia, Japan, and other countries, they use liquid bitumen 
as oil for their lamps. The Persians and Turks mix it with their 
varnish, to give it lustre. The walls of Babylon were built with a 
cement in which bitumen formed an ingredient. Rouille has con- 
cluded, from his experiments upon mummies, that the Egjrptians 
employed bitumen in their embalming. 

§ XIV.— Coal. 

Coal, and all other bituminous substances, ace only decayed vege- 
table matter, sometimes mixed with eart^iy aad. dsuvmaX ^\i^3i&\asi<M^ 
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This origin is indicated by the impression of different plants, particu- 
larly the fern tribe, in the slaty clays, which form the roofs of coal 
mines ; and by wood, still partly in a ligneous stiite, and partly bitu- 
minated ; so that we can, from such appearances, trace the process 
followed in the formation of coal, from one point in the scale to the 
other. The microscope detects veg(*table structure in the most per- 
fect coal ; and chemiail analysis proves that it gives the same pro- 
ducts as woody tissue, \iz, : carbon and the elements of waiter. But 
the former is in excess. " Hence, coal is vegetable matter deprived of 
part of its water by heat, and consolidated by pressure. 

Coal is most commonly found in France, and in England, where 
the primitive and secondary rocks join ; whence it has been concluded 
that beds of coal were collections of substimcos deposited by the 
ancient sea, along the shores of the ancient earth. It is supposed 
tliat the rivers would bear along trees, plants, and bodies of ani- 
mals toward the sea, which would throw them back upon its 
primitive shoras, where they would accumulate in beds and masses, 
and in that condition enter into a state of decomposition and com- 
bustion. The mines of coal ought, then, to be found on the recently 
elevated lands of the new, or actually existing earth, around the 
islands of the primeval oc<^an. Such is, amongst others, the disposi 
lion of the coal mines around the Ilartz Mountains, as described by 
Lehmann. But the simplicity of this theory does not account for 
the comphcated circumstluices connected with the ])osition of coal. 
The numerous beds of sandstone, of clay slate, and chalk, which 
generally separate those of coal, show us that this Inst substan*:^ 
has been formed at different intervals, in a fluid, and perhapa, in 
part, at a period when the jn-esent vegetables and animals did not 
exist. The intennediate IkhIs which separate the strata of coal, fre- 
quently preserve with these strata a constant parallelism. This is 
tiie more remarkable, as there are beds of coal which are scarcely an 
inch in thickness, althouo^h often several lea<xues in extent. It has been 
concluded, and witlu sufficient })robabilit3^, that these beds were 
formed in interior lakes, and consolidated in calm watei-s. It must, 
at the same time, be stated, that we observe other beds of coal, 
Yfhich indicate circumstances of great confusion. Near Valenciennes, 
some beds wliich are vertical, or almost vertical, are covered over by 
an alternate superposition, with beds parallel to the horizon. 

The great extent of beds of coal, presents another subject worthy 
of consideration, lliey appear to ])ass mider the veiy bottom of 
the sea. In the Danish Island of Ijornholm, which is composed of 
a secondary formation of ciilcareous and clayey earths, we find a 
considerable bed of coal, which comes from the ]3altic Sea^ i^assea 
imder the island, nud extends itself again wndet \\iQi ?i^"s^ \«^«t\^ '^^ 
cpposjteconstsofSainmj a province of Sweden. T\iia\i^^^^'^^\'^"^^J^ 
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of wliich is not known, may be from five to seven leagues in lengtk, 
and more 'iAnn one lea<»;ue iu breadth. We may conclude, accord*., 
ing to the apparent direction of the bed, that it ought equally ta: 
extend under the secondary clay rocks in Scania ; and in fact, a bed 
of coal has recently been disco ver»?d upon the borders of the sounds 
at the entrance of the Baltic, which is probably a continuatioUjfif 
that in Bornholm. 

It is a very remarkable thing, that coal, a substance so easily in--. 
flammable, is found covered over with substances, which, if they ar^ 
not the products of volcanoes, seem at least to owe their origin to 
fiLsion, occasioned by the powerful action of caloric The Islands of 
Faroe, „hich appear to be nothing but masses of basalt, and which 
rise perpendicularly from the bosom of the sea, to the height of 1,800 
feet, contain an extensive mine of coal, inchning to the variety named 
dry coal. According to the descriptions given of it, it seems, at ono6| 
to hare for its wall, its roof, and its support, basalt, or other trapp 
rock. 

Anthracite coal difFei*s fiom bituminous coal, only in being de- 
prived of nearly all its water, and being inteimixed with silicioua 
matter, which renders it more difficult to burn. Coal is found chiefly 
in the lower fossihferous rocks. No coal is ever found in primary 
rocks, and valuable beds are very seldom found above the red sandstone. 



§ XV. — ^Amber. 

Amber abounds in the Asturias, in beds of coal, and in Eastern 
1 1 ussia, where the Baltic Sea throws pieces of it upon the coasts, 
and where, formerly, the fishermen collected lumps of it in their nets ; 
but now most of it is procured from the hills of sand in the neigh- 
borhood of the sea. The largest piece of amber ever known, weighs 
IS-J-lbs., and is preserved in the royal inuseum of Berlin. Next to 
Prussia, Eiistern Pomerania furnishes the greatest quantity of amber, 
where it is worked in quarries. In general, the whole of the plain 
which bordere the Baltic Sea on the south, produces amber, com- 
monly within the beds of sand and clay, sometimes in the midst of 
imperfect coal. These deposits of amber extend from Livonia, and 
particularly from Courland to the western coasts of Sleswick, where, 
perhaps, the Phenicians purchased this substance, formerly so much 
sought after. 

The situations in which amber occurs ; the physical and chemical 

qualities of this substance, which appeal's to aj)proach the resinous 

gums ; the insects wliich are found enclosed within it, as in a crystal 

prison ; everything, in short, connected with its history, would induce 

us to regard this fossil as a juice which onc^ ^ow^ fvoixv a tr^ and 
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wfaksh, buried in the earth by some natural conMilsion, would be 
impregnated "with mineral vapors, and acquire a certain degree of 
consistency. But as the copal, the only kind of known gum which 
resembles amber, is brought to us from Africa and the Eiist Indies, 
it would appear, tliat'the forests in which amber is produced, could 
not exist in the environs of the Baltic, unless a veiy elevated tem- 
perature prevailed. Thus these small fragile crystals, wliich at first 
seem to be only an object of idle curiosity, become so many monu- 
ments of the revolutions which our planet has experienced. 



§ XVL — ^Metals. 

Metals, from their brightness, weight, density, ductility, and fusi- 
biUty, have long engaged the attention of the mineralogist and crys- 
tallographer. These substances, which form sometimes the representa- 
tive signs of the products of industry, and sometimes the useful or 
the formidable instruments of the aiis and passions, ought to be 
carefully noticed in the description of political suites ; but they pecu- 
liarly deserve attention in the detiils of physical geography, from 
the intimate relation which they bear to the two great agents of na- 
ture, electricity and magnetism. 

Physical geography indispensably requires that a subject of this 
nature should constitute one of its do})artments ; and, if we devote 
to it a certain portion of our pages, our readers will perceive in the 
prepress of the work, the advantages which ai*e thus afibrded, even 
in tibe study of poUtical geography. 



§ XVn. — Platinum. 

Platinum remained unknown, or neglected, until 1735, when Don 
Ulloa, a Spanish mathematician, who accompanied Condamine and 
BoQgaer in their voyage to measure a degree of the meridian, in 
Peru, having found this metal there, announced the discovery of it 
in the relation of his voyage. Platinum was formerly found chiefly in 
the mines of South America ; but rich mines of it are now worked 
in the Ural Mountains. It is the least fusible of all the metals. In 
order to melt it into ingots, it is mixed \\nth arsenic, a substance 
which renders it very fusible, and from which it is afterwards easily 
separated, by roasting, although this i)rocess exi)oses the workmen to 
vapors, the danger of which is, unfortunately, but too well known. 
It is of platinum that those rods are made, that have been employed 
in measuring the base of the chain of tTianct;\es, \\\\c^tie^ \\^^ \iSi&w 
dedaced the length of the arc of the meridian w\\\c\i U^\Q?Rife'&^xt>s\Rfc\ 
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and, by consequence, tlie distance from the equator to the Nortlieni 
Pole. This metal was chosen for such purposes, because it has httle 
susceptibility for dilating, or contracting, frtim the variations of torn- 
peraturi'. Its dilation, according to l)orda, is only 1 1 s'^ o u foi* one de- 
gree of th^ centigrade thermometer, whilst a rod of iron dihttea 
itttif for a centesimal degree. 

Platinum is now very extensively used in the arts, and upon the 
whole, may l>e considered more useful than gold, to which it is quite 
equal in resisting the action of acids. 



§ XVIIL— Gold. 

Gold is chiefly found in its native state, that is, almost pure 'wd 
unmixed. It exists in all kinds of earth. It is found in little b^ds, 
in the primitive mountains of gneiss, and of micaceous clay slate, *^» 
the country of Salzburg, and in Caniiola ; it occcupies veins in v 
moimtains of syenite and porphyry, near Kremnitz, in Hungary ; in 
the secondary rocks of argillaceous quartz, or even of sandstone, at 
Zalatna, in Transylvania ; and in an argillaceous freestone, not fiir 
from Ekaterinburg, in Siberia. 

Europe produces comparatively little gold, the only mines of any 
consequence Ix^ing thoso of Hungary and Eiistern Russia. Since the 
discovery of America, the ])riuci]>al supplies have been drawTi from 
that quarter. In going from La l^az, towards Potosi, and Tucumaiio, 
all the beds of clayey slate are found })enetrated ^^^th veins of aurife- 
rous quartz ; and the fall of a shelf or rock, discover masses of gold, 
from 200 to 300 lbs. in weight. The islands of l^orneo, Celebes, or 
Macassar, and of Sumatrn, situated under the equator, contain very 
rich mines of gold, though badly worked. Rich gold mines were 
discovered in tlie Ural ^Mountains, about 25 years ago. The most 
productive are on the Asiatic side. And a great part of the civ- 
ilized world was veiy lately excited by intelligence of extremely rich 
gold mines in California. But, although this country will probably 
produce much gold in the aggregate within the next 50 yeai-s, it has 
not yet produced an annual amount equal to the Siberian mines, and 
to all appearances never will. In Africa, gold has been found chiefly 
in auriferous sands alonu: the riveis. In Ninfritia, the natives are 
regularly emj»loyed every year in this golden harvest, after having 
finished that of the corn. Near Akim, on the coast of Guineji, it is 
said one person may ])ick up several ounces per day. But this state- 
ment is contradicted by other accounts. Gold, like diamonds, is 
*mnil chiefly in drift. The recent discoveries explode the notion that 
fold is found chiefly in the equinoctial regions. 

The vnluaWe qualities of gold render it worthy of the rank which 
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epiiiion has assigned bo it among metals. Though less brilliant, and 
much more fusible, than platinuiTi, it has a color more agreeable to 
the eye. Thus, the poets have not foiled to give golden locks to 
Apollo ; to Jupiter a throne of gold ; Vulcan emplojrs" gold to forgo 
a buckler for Achilles ; in short, in the form of an adjective, t£e 
words gold and beauty, are synonymous amongst the Greeks. 

From its great ductility, gold assumes every form we wish it to 
acquire. The goldsmith, the jeweller, the embroiderer, the gilder, 
employ it with equal facility. It is capable of the most astonishing 
superficial extension, thus making up, by its ductility, for its scarce- 
ness.* A quantity of gold of the weight of one grain, can be beaten 
out into a sheet, the surfoce of whidh will cover 50 square inches, 
and when used in the gilding of silver wire, its extension is nearly 
siz^sen times greater. The tenacity of gold is very remarkable, 
thpijigh inferior to that of iron. Hatty says, that one thread of gold, 
qf; 'i^ft- millimetres, or i^ of an inch, in diameter, can support a weight 
.[(544 kilogrammes, or 500 lbs. As gold is very soft, it is mixed 
with copper when coined into money, to give it hardness. Much of 
its yalue arises from its being entirely unaffected by air or water, or 
way aimple^.acid. 



§ XIX. — Silver, 

Native silver is frequently found pure in the bosom of the earth ; 
it is also found mixed with copper, gold, arsenic, and sulphur. The 
same province of South America, whidi contains the richest gold 
mines, viz., Peru, contains also great treasures of silver. The mines of 
Potosi produced^ from the year 1545 to 17*70, about $1,648,000,000, 
and a small part of them only has yet been excavated. In North 
America, Mexico abounds in silver, about $22,000,000 being derived 
from it every year. Silver is apparently diffused throughout the 
whole extent of the old continent ; but the mines that are now best 
kix>wn, are almost all found in the north temperate zone. Those oi 
Iberia, of Saxony, and of the Hartz, are at the 50^ of lat. ; those 
of Konigsberg, in Norway, at the 60°. The very productive mines 
of America, are contained within the two parallels distant 30^ from 
the equator. We are ignorant, whether Africa possesses mines of 
silver equal to those of the New World. 

Silver is found chiefly in the primary and transition rocks. At 
Frankenberg, in Hesse, leaves of native silver are found adhering to 
petrifications. A mass of silver was found at Konigsberg, weighing 
upwards of 600 pounds. It is preserved in the Royal Museum, at 
Copenhagen. 

Silfor ici^ next to gold and platinum, the mo&i \ms!L\/Qini\X<^ cil ^Sksir^ 

7 
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metals. It is remarkable that silver, alloyed with a considerable pQl» 
tion of gold, or copper, preserves its whiteness, while a small quuiii 
tity of silver, or copper, mixed with gold, dianges very sensibly te 
color of this metal. When dissolved in nitric add, silver crystallim 
under a kind of vegetable or arborescent form, producing what m 
called the tree of Diana, It would seem, that the crystals of whkkr 
this kind of mineral vegetation is composed, may be considered M 
mall magnetic rods, whose poles, by attracting and repelting om 
another, determine their respective positions. 

Silver, though less rare than gold, has been preferred to that metal 
as a representative of value. The resistances which it opposes tm 
the action of the air, and humidity, its brilliant whiteness, and ite 
malleability, render it applicable to a multiphdty of purposes, oi^ 
namental and useful, which are too well known to require enumem* 
tion. 



§ XX. — Mercurt. 

Native mercury is generally found in brilliant ^d movable 
globules, disseminated in the clayey slate, as at Idria, in Camiola; 
in marl ; in quartz, as in the district of Deux Fonts ; and in primi- 
tive limestone, as at Almaden, in Spain. This metal requires so little 
heat for its fusion, that the atmosphere generally contains enough 
to preserve it in the fluid state. The cold of northern regions, how- 
ever, converts it into the solid form, which has been erroneously con- 
sidered as congelation. It is then almost as malleable as tin, and 
admits of being expanded into very thin sheets. Mercury amalga- 
mates with almost all metallic substances, but chiefly with gold, 
silver, tin, and bismuth. It is this property, joined to the fiicility 
with which it evaporates, that causes it to be employed in gilding, 
and in working mines of gold and silver. The silvering of glass k 
effected by the amalgam of mercury and tin. Its extensive use in 
medicine and in the construction of barometers and thermometen% 
renders it an object of great importance in science. The principal 
supplies of it are procured from the places just mentioned; but 
many valuable mines exist in America, although hitherto they have 
not been extensively wrought. 



§ XXI.— Lkad. 

Lead is a substance of very dense structure, but extremely defi- 
cient in point of hardness, elasticity, and even ductility. It is^ 
Aowever, of great utility in its metallic state: conduit pipes, mi|fl^ 
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DaDs, small shot, and many plain and coarso instmments arc made 
of it ; and its oxides are employed in many of the arts. It is jilso 
employed in the manufacture of glass, which it renders 8usc(^pti})lo 
of heing easily cut and polished. It is to its rod oxido that flint 
^ass owes the quahty which renders it so valuable in the construc- 
' tion of the object glasses of achromatic telescojies, viz., that of di- 
yesting the images of those colors with which they a])pear to be 
edged when we view them through a common telescope. The 
oxides of lead furnish a variety of colors, both to the pallet of the 
painter, and the toilet of the modem belle, though to the latter it 
sometimes proves a treacherous aid. 

This metal is generally found mineralized by sulphur, forming an 
ore conunonly called galena, which is almost always mixed with 
iron, with antimony, and especially with silver. This ore is often 
worked only for the purpose of extracting from it the silver it con- 
tains. Werner specifies 17 formations of galena of different periods, 
in all sorts of rocks, from the quartz to pit coal. There are no 
mines more common in Europe. The kind of galena which con- 
tains silver is met with in Lapland. 

Lead is not found in abundance anywhere in the north of Europe 
or Asia. It begins to discover itself in great quantities in Germany, 
Fianoe, and England. Very extensive mines are found in MLssoim, 
fowa, and Wisconsin, which are now actively wrought 



§ XXn.— Copper. 

Copper, one of the metals of which nature is most lavish, appears 
to occupy two great regions of the globe, w^hich admit of being dis- 
tinetly defined. We know that it abounds in Nor\vAy, in Sweden, 
in Hungary, in England, and in the Uralian Mountains ; through- 
out all Siberia, in Chinese Tartary, and Japan. We must ako add 
that several islands between Kamschatka and America, produce 
TDMBes of native copper. Immense beds of it are found upon the 
cides of the Ohio, and all around the great lakes ; and there have 
been signs of its existence in Greenland, and in Iceland. This 
metal seems to be common to all the countries situated in a zone 
of about 45 degrees of latitude around the North Pole. But it is 
found on the other side, all over the south of Africa from Congo to 
} the Cape of Good Hope, and, according to Benyowski, in Madagas- 
car. Soutli America also contains extensive mines of it. In Brazil, 
' ihey are abundant, and still more so in Chili. Ai d as it is found 
eitensively in Morocco, in the Island of Cyprus, and in Turkish 

. I Armenia, we may regard it as a subsUmce common to all t»l;i^ ij^w:^ 

: j of our planet 
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With respeet to native copper, mineralogists agree in distinguiali' 
ing two (lifforent formations. Copper of the firet formation is in 
crystals, Uiin plates, threads, or clusters, which are commonly found 
attached to quartz, or clay slate, and sometimes primitive limostona 
The other kind is of more recent formation ; it is obtained ttam 
sulphate of copper, or blue vitriol, held in solution in water, and 
decomposed by the appHcation of heat It forms concretions upoi 
different stony substances, and even upon organic bodies. In difl 
mines of Kopparberg, in Sweden, of Roeras, in Norway, in those df 
Siberia, and in general in all the great copper works, Ais -mineral ii 
usually obtained from pyrites of a yellow or iris color, in which it k 
found mineralized by iron and sulphur. The gray-colored copptt 
contains silver, antimony, lead, sulphur, &c. The sulphuret of cop- 
per, or cop|)er combined with sulphur, has a vitreous appearaooa 
In the state of oxide, copper assumes various tints, red, blue, oi 
green. The silky or pearly carbonate of copper presents a green 
color like an emerald, softened by a kind of satin lustre which givei 
it a more beautiful appearance. 

Copper, in a state of concretion, forms the substance called 
malachite, which is susceptible of a fine pohsh, and of which the 
surfeces of mantel-pieces, snuff-boxes, and various trinkets are made. 
Hatty calls it the alabaster of metallic substances. 

Copper is much more ductile than iron, and more durable than 
tin or lead. Its tenacity is such that one wire of copper f^ of an indb 
in diameter can sustain, without breaking, a weight of 320 Iba. 
The useful qualities of copper are partly balanced by its very 
changeable nature. Exjxjsed to the air or the damp, it is very 
soon covered >vith that rust which is one of the most active of poi- 
sons. When melted and refined, it is called rose, or purified 
copper, which is less dense than native copper. Brass is a com- 
pound of copper and zinc. Being less subject to rust than copper, 
it furnishes the mechanical philosopher, the watch-maker, and tlic 
geometrician, with many instruments of general use, exquisitely deli- 
cate in their workmanship, and at the same time of great durability. 

The best brass contains four parts of copper to one of zinc. If 
the mixture contains a greater proportion of zinc, it takes tlio nauM 
of pinchbeck, tomI>ac, and ffold of Manheim. 

Bronze, or f/un metal, is made by uniting with copper a certain 
portion of tin, generally about 10 percent This is the brass men- 
tioned in ancient authors. It is more sonorous than pure coi)[>er 
and differs from bell metal only in containing less tin. This last is 
used for making the specula of reflecting telescopes, as well as fd 
bells, and hence it is called speculum metal. 

Bronze has been employed for statues from tlie earliest times ; and 
jt is at present extensively employed m Tcv^^w^Vswsa <^\moii. 



I 
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§ XXm.— Tin. 

Tin is a mineral found chiefly in the oldest formations of granite, 
porphyij, and gneiss, in the form of a deutoxide. 

This metal is found in Cornwall in England, in Saxony, and in 
Bohemia ; it is scarcely ever met with in other parts gf Europe. It 
wtirdy disappears when we penetrate into the interior of the ancient 
oontinent, and does not again discover itself till we reach the Penin- 
lola of India, on this side of the Ganges, whence its mines extend 
to the Peninsula of Malacca, and to the islands of Sumatra, Banca, 
and Japan. Africa and Soudi America produce Httle of it. 

The tin which is used in the arts for coating glass, for solder, for 
cooking utensils, and for the composition of scarlet, possesses the 
fliDgalar property of rendering more hard and more sonorous the 
metal with which it is mixed, although by itself it is deficient in 
these two qualities. At the same time, it takes away ductility from 
metals possessing that quality in a liigh degree, while it does not 
diminish the ductihty of the less ductile metals. 



§ XXIV.— Iron. 

Iron is at once the most useful, the most abundant, and the most 
widely distributed of all metals. It is found in abundance in almost 
ereiy part of the world. Its importance is such that most of the 
oom£>its of Ufe, and many of the arts and sciences, are dependent on 
\L It enters, either as a coloring, or a combining principle, into 
a great number of mineral substances. It is a stranger, neither to 
T^etables, whose tints it enlivens, nor to animals, upon which it 
exerts a salutary influence. 

An immense quantity of iron is contained in the mountains of 
Scandinavia alone. The Mountain of Taberg, in the south of Swe- 
den, presents only otie entire mass of mineral. It is also abundant 
in Britain. The north of Asia equally abounds in iron. Canada 
contains excellent iron, though copper appears to predominate there. 
The western states abound with the finest kind of iron. The mines 
of Missouri are among the richest in the world, the Iron Mountain 
of that state being composed entirely of specular iron ore. South- 
em Africa abounds in this metal. No kind of rock or earth is a 
stranger to it, and the red color of most soils is owing to the prcs- 
eiioe of its oxides. It is found in granite, in detached m.'isses ; in 
clay slate, in a thread-like form ; in sandstone, in beds. It exists 
very extensively even in mud and turf. Hence, v?q cscmloX* \s>a^ ^- 
mire Uie haunty of ProvidencQ^ in distributing ovetywXiet^ ^o ^\»A- 
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antly a metal of much more importance than all others taken to* 
gether. 

The great masses of native iron found in Siberia, and in Americai 
were formerly considered as productions of art, or of volcanic agents ; 
but now they are thought to have an ultra-terrene origin, and to 
have been attracted by the earth in their motions through spaee^ 
perhaps round the sun. Iron is generally found in aeroUtes, which 
are now universally allowed to have such an origin. Native iron is 
also found in mines ; but this is a rare occurrence. 

One of the most valuable ores of this metal is the black or mag- 
netic oxide, to a variety of which the name loadstone has been given. 

The peroxide, or specular ore of iron, abounds in Sweden and 
Norway, in the Isle of Elba, in some parts of France, and in the 
United States. It is most easy to work of all the ores of iron. 

Sparry iron ore is only a carbonate of lime, more or less mixed 
with iron. The lime with which the ore is combined facilitates the • 
fusion. The iron which is drawn from it is of an excellent quality, 
and it has a great tendency to pass into steel, even in the first fusion. 
This is what is called steel ore, 

Sulphuret of iron, which is commonly called iron pyrites^ is one 
of the most remarkable substances which enter into the composition 
of the globe. It is very extensively distributed, being found in 
quartz, in marl, in the argillaceous slate which hes upon coal, and 
even mixed with coal itself. In the greatest depths to which man 
has ever been able to penetrate, in the most considerable mines, we 
continue to observe the iron pyrites, imtil our progress is arrested by 
the subterraneous waters. 

There is auriferous pyrites, which, although chiefly consisting of 
decomposed sulphuret of iron, is worked like ore of gold, and with 
the view of extracting from it this last metal. 

Green vitriol, or sulphate of iron, is of great service in dyeing ; it 
is used as the principle of black color, from the property which gall- 
nuts and other astringent vegetables possess of precipitating iron, 
contained in the vitriol, under the form of black particles of extreme 
fineness. 

Iron is very different as nature produces it, from that whose ap- 
pearance and use are so familiar to us. It is generally nothing but 
an earthy mass, an impure and dirty rust ; and even when it presents 
itself to us in the mine, with metalUc brightness, it is still very fiur 
from possessing the qualities required for the multiplicity of uses 
to which it may be applied. Pig cast iron, is the metal after its 
first fusion, deprived of a more or less considerable portion of its 
oxygen, and combined with a part of the carbon with which it came 
j'n contact, in the casting furnace. Cast \totv ia not yet rendered suf- 
^ciently malleMe or ductile. To Tender \\. ^/\\,S& «>^«mv ^^i^ciO£^^Ki^ 
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uo the action "X)f tlie furnace, the elevated temperature of which de- 
termines, by a new exertion of aflSnitics, the oxygen remaining in 
the cast iron to combine with tlie carbon, which had been incorpo- 
rated with the iron, and thus to form carbonic acid, which constantly 
disengages itself from the mass. Iron, after this process, is found in 
a sufficient state of purity to answer all ordinary purposes. It is then 
exposed to the action of a large hammer, whose redoubled strokes, 
^y bringing the metallic particles into closer contact, imite them 
more perfectly together, and render the iron sufficiently malleable 
and ductile. It is then called forged iron. In this new state, it is 
no longer fusible by the heat of an ordinary furnace : and before 
becoming liquid, it passes through a soft, pasty condition. Forged 
iron is now placed in contact with carbonaceous substances, and again 
softened by tlie action of fire ; and the moment it enters into com- 
bination with these substances, or rather with the carbon they con- 
. tain, it becomes steel, which is a carburet of iron. 

The operation of tempering, which steel undergoes, does not 
change ite nature — it only varies the arrangement and aggregation of 
its particles — it augments at once its hardness, its brittleness, and 
its volume, and gives it a coarser grain than that of steel not tem- 
pered. Thus, the difference between cast iron, forged iron, and steel, 
depends mainly on two principles, \iz. : oxygen and carbon. The 
union of these two principles constitutes cast iron ; the absence of 
botih, at least in a perceptible quantity, characterizes forged iron ; and 
in steely carbon exists alone, without oxygen. 



§ XXV. — Qualities op Iron. 

The tenacity of iron is such, that when drawn into a wire of -jV o^ 
an inch in thickness, it can support, without breaking, a weight of 
fiO lbs. Iron is very oxidable, and it exerts a very strong elective 
affinity towards sulphur. United with silica and alumina, it imparts 
an extreme hardness to rocks which contain it. There is no metal 
which allows itself to be so easily decomposed, and no metal forms a 
more imalterable cement. Its magnetic virtue readily communicates 
itself to other metals with which it is mixed ; tJit of iron make 
copper magnetic ; tott have the same effect upon tin. These physi- 
cal quahties prove what an important part it must have acted, in 
the formation of those aggregate substances which compose our 
globe. 
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§ XXVI. — Zinc, Antimony, and Absbnio. 

^c, Tvhich forms the connecting link between the ductile nujtak 
and those which are not so, is found oxidated, and then it is com^ 
monly called calamine, or lapis calaminaris. There are mines of it ii 
France, Austria, England, and several of the United States. Cal* 
mine is seldom found in primary rocks. The most important ore 18 
the sulphuret, which is found chiefly in the older rocks, and goes by 
the name of blende. This mineral is scattered over Sweden, Nor- 
way, Saxony, and Bohemia, and we may almost say, everywhere. It 
generally accompanies sulphuret of lead. It is often mixed with iron, 
gold, and silver. The sulphate of zinc, which is rarely a prodoot 
of nature, is called white vitriol. The metal which is brought from 
India, under the name of tutenag^ is, according to Bergmann, zinc^ 
in a state of pmity. If the air be admitted to zinc, when brought 
almost to a white heat, the metal bums with a splendor that nothing 
can equal, and which is too dazzling for the eye to support This 
property serves to characterize zinc, not only amongst the metak^ 
but even among combustible minerals. 

Antimony^ once celebrated in the laboratories of the alchemists, 
who hoped to discover in it the philosopher's stone, is now employed 
with success in the composition of many medicines, and as an alloy 
with lead in the casting of types for printing. Alloyed with tin and 
a httle copper and bismuth, it forms that fine kind of pewter termed 
princess metal. It is found native in quartz, and primitive limestone. 
The most common ore is the sulphuret, which is found chiefly in 
granite, gneiss, and mica slate. It is often united with galena, and 
goes by the name of gra.y antimony. 

Arsenic^ the name alone of which excites an emotion of terror, is 
not often found by itself; but it serves to mineralize a great number 
of metals. It is generally associated with silver or copper. Rubbed, 
or warmed, it discovers itself by the smell of garlic which it emits. 
Its native metallic color is of a steel gray. That which is met with 
around volcanoes, is mineralized by sulphur. Metallic arsenic is not 
poisonous. This property belongs to arsenious acid, a white powder 
composed of arsenic and oxygen. This is often termed, by way of 
distinction, white arsenic. 



§ XXVn. — Granite and Syenite. 

Having sufficiently discussed the simpler elements of rocks, we 
shall now briefly consider the principal compounds of these, which 
constitute the great mass of all known rocks. 
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Granite is the oldest and most crystalline of all rocks. It is gen- 
3rally composed .of quartz, felspar, and mica. The latter is some- 
times wanting ; while some varieties contain hornblende. Where 
the latter supersedes mica, the compound is termed syenite^ from 
Syene, in Upper Egypt ; although the rocks of that place are in 
reality pure granite. Mount Sinai, however, consists of this kind of 
rocky and hence the term sinaite would be more proper. The agree- 
able variety of colors which the felspar reflects, the lustre of the mica, 
the whiteness of the quartz, the sombre green of the hornblende, 
especially when polishing has developed their natural shades, often 
impart to granite a most magnificent appearance. 

The variety which contains no mica is termed graphic granite, be- 
cause the quartz is disposed in broken lines, so as to suggest the idea 
of Runic, or Hebrew characters. Granite is not only the most ancient of 
the rocks, but it appears to constitute the base of all others. It is 
supposed to underlie the stratified rocks throughout the whole world ; 
and it is not improbable, that it forms an immense vault around the 
globe. We know that granite is everywhere found beneath the 
other rocks ; and that, of the highest mountains in the principal 
chains of the world, it is granite that constitutes the foundations and 
the mass. The crystallization which has united the substances of 
granite, must have occasionally met with one or the other in excess, 
producing the varieties already mentioned. 



§ XXVin. — QuARTZEous Rocks. 

TlieBe are rarely found pure. There appears, however, to have 
been a very peculiar formation of pure quartz. Strong veins of it are 
fleen traversing the granite mountains ; and the vast wall of quartz, 
upon the Mountain of Felsberg, near Manheim, excites the wonder 
or Uie naturalist The rock which most nearly resembles the granite, 
mntes to the granulated structure of the latter, an arrangement of 
parts which gives it a foliated appearance ; — ^the quartz and felspar 
are found there in grains ; but the mica forms bands, or very thru 
layers. 

§ XXIX. — ^Porphyry. 

The porphjnries, properly so called, are masses of imbedded felspar, 
colored by a metallic oxide, and containing crystals of the same kind. 
Such is the superb red, antique porphyry, originally fron Egypt, and of 
which only imperfect varieties are found in Ewto^. ^xslOol \fit^ ^g^ 
the ophites, or serpentine antique jporphyry,a\ftio\xi^ cJcvftjc^iLfcx^-^rSsv 
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plates of hornblende, a substance which abonnds more and more m 
black porphyries. All rocks with a homogeneous earthy base, coft- 
taining crystals of another substance, and of contempwaneous origiiiy 
are now denominated porphyries ; and that of which we have spcfan 
is distinguished as felspar porphjrry : but when porphyry is spoken 
of in general terms, this kind alone is meant. 

The disorder, or rather, capricious order, according to which tbs 
particles of the porphyries have crystallized, sometimes occasions the 
most brilliant and fantastical appearances. Who would not ad- 
mire the orbicular porphyry of Corsica, which, on being polished, di»- 
plays circles composed of little yellowish red leaves, arranged in 
rays, around a reddish brown kernel ; and which presents to the eye 
a transverse section of some unknown and delicious fruit ? 



§ XXX.— Trapp Rooks. 

These are composed principally of felspar and hornblende, or 
augite. They are named from the Swedish trappa, a stair, as they 
are often arranged in the form of stairs or steps. They are all of 
more recent origin than granite, and less crystalline. The columnar 
arrangement of the basalte belongs to this class, which includes a great 
variety, the principal being greenstone, basalt, clinkstone, compact 
felspar, pitchstone, amygdaloid, trapp and pitchstone porphyry, and 
amygdaloid rock. They are all of igneous origin, and destitute of 
any indications of stratification. 

The amygdaloids are rocks which derive their name from their 
similarity to almonds, imbedded in paste, and may be composed of 
any paste whatever, in which are found knots or glands of the same 
substance, or of another. The whole is united by a conftised crys- 
tallization. Sometimes the spaces occupied by the knots are found 
empty, the substance which once filled them having been destroyed 
by an unknown cause. This makes the amygdaloids resemble 
porous lava. 

It has been remarked of the basaltic columns in the Cave of Fin- 
gal, that although the prisms themselves are unequal, the faces oC 
each are equal to the corresponding faces of the adjacent prisms ; 
that the inequalities which are in relief upon the top or end of one 
of the prisms, are adapted to the depressions or little cavities on the 
top or end of the next opposite prism ; as if one was moulded into 
the other. It is also worthy of notice, that in the Island of Staffit, 
where the prisms are raised one upon the other, like a series of col- 
umns, the convex base of the one is inserted into the concave summit 
of the other, so that the columns appear articulated. 
Bven when thQ basaltic rocks pieaeiit Vlbeto^N^ ^>sx^l ^Vssa ibq^ 
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nlar staractnie, thdrposition alone is sufficient to attract tlie attention 
of the geologist Ijiose masses which, in a confused manner, over- 
lie granite, gneiss, the primary and secondary clay slates ; those sumr 
mits ivhich — sometimes conical, sometimes p3rramidal — shoot up in 
an insulated form, above rocks of a totally different nature ; those 
oements which unite the basalts to various crystallized rocks ; the 
sucoessive transition of argillaceous slate to basalt, and from basalt 
to other rocks ; and lastly, the numerous instances of the disintegra- 
tion and decomposition of basalt itself^ imparting fertihty to the sur- 
rounding soil : — ^these are &cts, the explanation of which, for many 
years, exercised the ingenuity of geologists. 

It has now been found, both from olservations on recent lavas, and 
direct experiment on melted basalt, that the columnar structure 
resulted from a kind of crystallization while they were cooUng, under 
pressure, from a melted state. The statements formerly made in op- 
position to this view, were incorrect, such as that lava is never de- 
composed ; and it has been demonstrated that the trapp rocks are 
neither more nor less than ancient lavas, erupted when volcanic 
action was more violent, and the earth^s temperature higher than at 
prasent. • 



§ XXXL — ^Volcanic* Productions. 

Haying in the four preceding sections, noticed the most interest 
ing &cts regarding the older igneous rocks, we shall conclude this 
part of the subject with some remarks on the igneous rocks of more 
leoent times. Among these there are some which have been in a 
atate of igneous fluidity ; these are called lavas. They run down 
the sides of the crater, for a considerable distance, and on becoming 
oool, harden, and are isusceptible of being shaped into blocks, or 
iix»e properly speaking, into plates, from which various ornamental 
articles are made, and which resemble beautiful polished marble of 
different colors, but especially green marble. 

Lava is generally composed of felspar and augite. When the 
former predominates, it constitutes light-colored Jhlspathic, or trachytie 
lava ; if the latter is in excess, it constitutes dark^ augitic or basaltic 
lava. Some lavas have a vitreous structure, as the obsidian or agate 
of Iceland, which has completely the appearance of glass. Volcanic 
^l^bisB has often an enameUed or pearly appearance, and is found in a 
axillary form. 

The pumice stone is the best known of volcanic productions. It 

* It should be understood that the terms vblcano and vdcaxuc axe a^^liad 
otHj to the Yokanoes of the present epoch, unless ihe cootattx^ *^ «i!^$sm«^ 
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is Hmply vesicular tracbytic lava, and may be considered its froth. 
ScoricB are vesicular basaltic lava. Both are produced by^the acoeas 
of steam or otber gas to tbe lavk 

Pozzuolanas bave not, like lava, experienced an igneous ^uidity. 
Tbey are substances of a more argillaceous nature than those iifhich 
bave formed the lava. Having less sulphur in their composition, 
they have been able to resist the action of fire, which, instead of 
scorifying them, has only served to calcine and bum them. Heavier 
than the scoriae, they fall near the centre of the volcanic mountain. 
United to hme, they form a cement of the greatest hardness and 
durability, which the Romans used in preference to every other in the 
constniction of their aqueducts. 

Volcanic ashes are discharged from the craters, iu the midst of a 
column of smoke, and are then driven by the winds to great distances. 
Those of Etna are carried to Malta, and even to Africa. When 
these ashes are still suspended in the atmosphere, and when Uie va- 
pors wliich are at the same time dissolved in it, happen to condense, 
the mixture which thus takes place occasions tliose earthy showers 
which fall at a great distance from the volcanoes. These ashes, 
from the extreme minuteness of their particles, introduce themselves 
everywhere, entering even into closets where provisions are kept, and 
vitiating every article of food ; but this inconvenience is compensated 
by the advantage which accnies from their fertilizing the grounds 
ravaged by burning torrents of lava. 

Volcanic tufa is a substance produced by the agglutination of 
volcanic ashes, or fragments of scoria. The muddy eruptions which 
take place in certain volcanoes, or the infiltration of limestone, sup- 
ply a cement. Masses of clay, or liquid mud, in rolling over the 
cinders thrown out by volcanoes, incorporate with them. . At other 
times, the volcanic substances, in flowing into the sea, may be ag- 
glutinated there, by a stony cement held in solution by salt water. 



§ XXXn. — Stratified Rooks. 

After what has been already said, we need only describe the com- 
position and stnicture of the principal rocks, of this most extensive 
and important class. 

Gneiss is only granite which has been disintegrated and stratified 
by the agency of running water. 

Mica slate is a mixture of mica and quartz, in which the former 
predominates. This rock is of very common occurrence, and often 
abounds with garnet and staurotide. 

J^rtmary limestone is generally pure cai\>oivai\fe oC Uma, white and 
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crystalline, and henoe sometimes termed saccharine; but sometimes 
it is dark and earthy, from being mixed with other rocks. 

Todcose slate consists essentially of talc, sometimes mixed with 
felspar, limestone, and hornblende. 

Momhlende slate consists mostly of hornblende, often mixed with 
febpar, quartz, or mica. 

Quartz rock is composed of quartz, either pure, or mixed with 
mica, felspar, talc, hornblende, or clay slate. 

Clay slate (otherwise called argillaceous clay or schist,) consists 
mostly of pure alumina, of a fissile structure ; but some varieties 
contain other substances. 

The preceding list includes the most important of the rocks vari- 
ously termed primary, non-fossiliferous and azoic. They follow no 
r^iuar order of superposition, and are «ill of unknown thickness. 
They are all distinguished by their hard, crystalline structiu*e, the 
absence of all remains of plants or animals, and their passing insen- 
sibly into each other. They are always situated below, and never 
above fossihferous rocks. All the followinnr rocks contain organic 
remains, and occupy the positions here assigned to them, beginning 
ivith the lowest 

The ,proto20M: rocks consist chiefly of clay slate, and limestone, 
with some sandstone, the latter being composed mostly of quartz. 
This system is largely developed in Wales, and in New York state ; 
and hence it is sometimes termed the Silurian and Cambrian, and 
the JVew York system. It is also called the graywack and transition 
mtem. The rocks are hard, and sometimes crystalline. The total 
thickness of this class exceeds 20,000 feet. 

The deutozoic rocks consist mostly of coal, sandstone, and lime- 
sfcone, with some slates, gritstones, and rock-salt. The rocks of this 
class are still firm, though softer than those below ; but the crystal- 
line structure seldom occurs. From the abundance of coal in this 
aeries, it is often termed the carboniferous system. Its thickness is 
estimated- at about 17,000 feet. 

The tritozoic rocks consist mostly of sandstone, generally colored 
red by the peroxide of iron ; but limestone, marl, and gypsum occur, 
and a large quantity of rock-salt. The thickness of the whole is 
about 900 feet 

The tetrazoic rocks consist mainly of lime, under various forms, 
clay, and ^ndstone. The rocks of this series are rather soft and 
perishable. They frequently present an aggregation of small cal- 
careous globules, resembling the roe of a fish; hence they are 
termed the oolite (egg-stone) scries. The total thickness s about 
3,000 feet 

The pentazoic rocks are composed mostly o^ dv^X^^ \\v\fcTassxfc\ 
with same green sand, and marl. Tliia, and a\\ l\ici Ti^^et xo«^^ ^^ 



158 oxoLooi. 

decidedly soft and loose. From its constituent element, the pent»" 
zoic group is often termed the cretaceotts (chalky) system, or simply 
the chalk. Its thickness is about 1,500 feet. It is well developed in 
several parts of northern Europe, but does not, so fiar as is known, 
occur in North America. 

The hectozoic rocks consist of clay, limestone, marl, gypsum, and 
sandstone, often overlaid with what we have already described imdar 
the title of drift. This consists of blocks of various kinds of rock, 
generally intermixed with gravel, sand, and clay. This series is 
otherwise termed tertiary and super cretaceous. Its thickness is about 
2,000 feet. 

The heptazoic rocks consist of all modem formations, such as peat 
bogs, soil, deltas, coral reefs, sand hills, &c. Its thickness varies from 
a few inches, to 25 or 30 feet. 

All the classes above the azoic, contain the remains of animab 
and plants, each having many peculiar to itself ; and this feet is the 
basis of the classification, which is due to President Hitchcock, of 
Amherst College. 

It must not be supposed that all the series mentioned in this sec- 
tion are found in any one place. They are all wanting in many 
locahties, where the ancient granite overlooks more recent formations. 
In some countries, however, most of the series occur, the older gen- 
erally occupying the higher grounds. Thus in England, the western 
parts consist of azoic and protozoic rocks ; and, as we go eastward, 
we meet successively with most of the subsequent series, till we 
reach the heptazoic deposits, on the coast of Norfolk. In such cases, 
the more recent rocks occur as we descend. High mountains gen- 
erally consist of igneous or azoic rocks, which are often flanked by 
the protozoic and deutozoic ; and the more recent are found in the 
valleys, or on the plains and sea coasts. Sometimes a very ancient 
rock is found immediately below one of the most recent, as primary 
limestone below common soils, several of the series being absent. 

All the stratified rocks, except the two latter classes, have been 
much broken and disturbed by the sinking of some parts, and the 
elevation of others. This is particularly true of the older rocks, 
which frequently present evidences of the wildest conftision, and most 
terrible upbreakings. All of these classes are more or less inclined, 
and the strata are sometimes quite vertical. The more recent rocks 
are generally less incHned, and frequently horizontal. 
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PART V. 

PAIJEONlX)LOGy, OR DESCRIPTION OF ORGANIC 

REMAINS. 



§ I. — Classification of Fossil Remains. 

The fossil remains of organic beings may be viewed as so many 
geological medals, but medals without a date. They may be dis- 
tiibuted into three classes, \iz., remains which have preserved their 
natural state, at least in part, petrified substances, and impressions. 

The first class consists principally of bones, and eveij of whole 
skeletons, which, after having been deprived of the skin and flesh 
that covered them, remain buried in the earth or concealed in deep 
caverns. Sometimes they are calcined totally, or in part, without 
having lost their configuration ; sometimes they retain not only their 
texture, but even a certain portion of skin and flesh. We occasion- 
ally find them incrusted with a calcareous covering. 

Petrifactions, taking this terra in the ordinary sense, compre- 
hend all the stony substances which have the figure of an organic 
body. There have been instances where a liquid, impregnated with 
stony particles, has flowed into a cavity formed by an organic body, 
which had disappeared. In that case, the stony mass has flowed 
into tihe empty cavity, and assumed the exterior form of the or- 
ganic body which was there before. If this body was, for example, 
a branch or trunk of a tree, the stone will have knots and wrinkles 
<m its exterior, but in the interior it will exhibit all the characters 
of a real stone. It will only have the form of the substance which 
it has replaced. While the process of decomposition is going on 
gradually, and ob>Tiously in a vegetable or animal substance, it is 
sometimes surrounded by a fluid containing solid matter in solu- 
tion. As each organic particle dissolves and disappears, a stony 
particle replaces it. Thus, particle after particle, the stony sub- 
stance gradually occupies the spaces left vacant by the progressive 
decay of the vegetable or animal parts; and, being moulded in 
Uiese cavities, it copies, feature for feature, the contexture of the 
organic body. This is the way in which it is u«v\al \ft ^t:^\!kccl'*^<^ 
fonnation oi petsiJSed wood, an imitation %o coTa^\^\/^ cil *Cc^<^ "(^ 



wixid, Ihnt upon cutting it transvereely, wa distinguish the appear- 
ance of concentric rings, which, in the living tree, arise from its 
annual growth. Somutimee we can ascertain, even by the linea- 
menta of the texture ia this petrified state, the species to which the 



I similar manner any other mineral may take the place of 
tlie original aubatanco. Thus, the turquoises, for wuanple, are the 
jaw Wth of Bume large eea animal; a metallic aubstance which 
has peuetrated them has been ^adually substituted fur the softer 
pjirt of the bone. 

Tike principal miuei'aliKers are limestone, silica, clay, and the 
oaidea or sulphurets of iron. The ores of other metals are of com- 
paratively rare occurrence. Limestone is the most general of all. 

Impressions are found between the laininre of certain aigillaceous 
slatcH ; tliey are the moulds representing skeletons of animals, par- 
ticularly tiih, leaves, reeda, and entire plants, especially of the fern 

To all appearance, as Brugnieres exjilains it, the fern placed upon 
soft elay has been covered over t^ain vrilh a new deposit After- 
wards, this plant, redueeil intu a carbonoceons substance or peae- 
trated by tbo minute ]>articles of tlie schistous deposit, beconies 
incorporated and identified with it; and, ta the sur&co of the 
fruotifioations is unequal, that opposite being more smooth, it is 
natural to imagine that there has Ijeen less cohesion between the 
clay and this smoother iace. Hence the reason why Qaa latter face 
generally presents itself when the leaves of the clayey schists are 
separated. We shall now speak suoceaaively of the difterent classes 
of fossil remains. 



§ U.- — Vegetable Remains, 



.J 



Sometimes only the exterior forms of the vegetables 
ble; at other times the difierent rings of the wood and bark a 
be distinguished. They have been found on heights where they 
do not grow. A tnmk of a petrified tree has been met with upon 
Mount Stella, in the Grisona, 4,000 feet above the level where the 
last Hhrubs grow. Some have been met with, which present to us 
the most delicate traces of the stmctare of flowers. They fiometimea 
represent indigenous plants, or such genera as are natives of neigh- 
bwing countries ; but those of temiierate regions have more frequently 
a trqticiil, at ultra-tropical character. Bernard De Jussieu r&- 
tnarked, aliout a century ago, that the greater part of the fossil plants 
ifJudi are found in the bituminous slates of Saint ChatutKind, near 
fyaaa, tvere foreis^n to that climate. -^^B 
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Delamethrie Las shown, that the elastic fossil gam of l>erby- 
shire was the caoutchouc, which now grows only in Peru. The 
fossil plants of the coal formation exhibit tree-ferns and palms 
much larger than any now found on earth ; and such remains have 
been found as far north as Melville Island, in latitude 75°. The 
largest of Hving lycopodiacese, or club-mosses, for example, are only 
3 feet high, while the fossil are found 70 feet high ; and fossil-tree 
ferns occur 60 feet high. The recent equiseta are seldom more 
than half an inch in diameter, whereas the corresponding genus in 
the old rocks was sometimes 14 inches in diameter. As we ascend 
higher in the rocks, vegetation gradually becomes more like that of 
the present day. In tlie oldest rocks flowerless plants predominate. 
In the deutozoic period, ferns, pines, palms, and club-mosses were the 
principal plants, giving the earth a very imposing, but sombre ap- 
pearance. Many of the fossil plants are entirely unhke any existing 
species — such as the calamites and the sigillaria. Some genera, 
again, are found in almost every period, such as the pines and palms ; 
although they were comparatively much more abundant in the earUer 
period. The number of species of plants already discovered amounts 
to nearly 12,000. 



§ ni. — ^Fossil Shells. 

Among the remains of the animal kingdom, sheUs are the most 
abundant. They are found in all the great formations ; but are most 
abundant in tertiary and calcareous rocks. France furnishes us mih 
numerous examples. 

The environs of Paris alone supplied Lamark with more than 60 . 
species. In the environs of the town of Rheims are found quarries, 
filled with transparent belemnites, with sea urchins, and with pyrites 
df different forms. There, hkevnse, are to be found, in mingled oon- 
fasion, comua ammonis, fossil talc, petrified wood, and pieces of 
potter's earth, full of impressions of leaves. The Canton of Courta- 
qoer presents a bank of more than 60 kinds of shells, of more than 
20 miles in length, and nearly 6 in breadth. It contains a number 
preserved entire, and some have even retained their polish and their 
odor. All the plains of what was formerly called the Isle of France, 
present vast banks of calcareous and sandy stones, filled with, or 
rather composed of shells, some belonging to the kinds which in- 
haAAt our seas, and others different. In Touraine is one continuous 
bed of broken shells, of about 81 square miles in suoerficial extent, 
and 20 feet thick. The whole mass of shells is estimated at 1,360 
millions of cubic yards. 

The other countriea of Europe are not lesa aX^wxk&as^ m V«S^ 
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shells. Twenty pages would bo insufficient to enumerate the places in 
Germany where they are found. But there is one general remark 
of the German geologists, that is highly deserving of attention The 
calcareous and slaty transition rocks in the chain of the Hartz Moun- 
tains, contain only zoophytes, such as madrepores, millepores, and 
terebratuhtes. The stratified rocks, considered the most ancient, con- 
tain zoophytes, belemnites, ammonites, encrinites, pentacrinites, and, 
in a word, shells the most remote from the actu^y existing kinds. 
On the contrary, the most modem calcareous rocks, those of Mount 
Bolca, near Verona, and the hills of chalk, in England and Zealand, 
enclose kinds approaching to those which now exist, — such as the 
ostracites, pectinites, buccinites, nautilites, chamites, and others. 

The north and south of Europe do not yield to the central parts in 
this respect. The calcareous rocks of Roetwick, in Sweden, 3,000 feet 
above the sea, — ^the vegetable earth of Finland, — and the argillaceous 
beds of Norway, abound in shells, some whole, others almost changed 
into earth. In Italy we see, near Bologna, a bed of sand formed from 
comua ammonis, which are not one hne in thickness. In Greece and 
in Spain we often travel over nothing but shells. Ramond has found 
them in the Pyrenees, on the summit of Mount Perdu, at a height 
of 10,578 feet. Lamanon has found them in the Dauphinese Alps, 
at a height of 7,446 feet ; Guerin, on Mount Ventoux, as high as 
6,162 feet; and Saussure, in the Alps of Savoy, at 6,104 feet. It 
may be affirmed, with certainty, that, throughout Europe, wherever 
there is chalk there are shells. In Great Britain alone, upwards of 
1,500 species have been discovered. Many of these resemble shells 
that are now found only in the tropical regions ; and the same re- 
mark appHes to the fossil shells of all other countries. No land or 
fresh water shells have been found below the tertiary rocks. 

Everything concurs in leading us to consider the other parts of the 
world as perfectly similar to Europe, with respect to the abundance 
of shells. The vast heaps of echini, which exist in Lybia and in 
Barbary, have been described by Shaw ; — and we learn from Roemer, 
that shells are found in the gold mines of Akim, in Guinea. Mount 
Lebanon is, in a manner, sown with echini, and Mount Carmel with 
petrified oysters. In the chains which border on the Caspian Sea, 
shells are found even at a height above the region of the clouds. 
We see beds of them interspersed among the rocks of Mount Taunis, 
in Caramania. The mountains of China, according to the Jesuits, are 
covered with them ; and Siberia has offered to Russian travellers, 
not only calcined, but pyritized shells, and also madrepores. The 
sphinx and some of the Egyptian pyramids are composed of lime- 
stone, which so abounds mth. nummuhtes, or coin-shells, as to be 
, termed nummuHtic limestoie. The plains of Hindostan abound vitli 
£fssil abella. 
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The coafits of Timor, of New Holland, and a great many other 
oceanic lands, are composed in great measure of accuraalations of 
marine testaceous animals. 

With regard to America, the United States and Canada contain 
enormous beds of calcareous matter, abounding with shells, espe- 
cially the sea-board states. Humboldt observed the high chain of 
the Andes covered over with ostracites, or petrified oyster shells, at 
an elevation of 13,200 feet. 

Considering that they must have existed many thousands of ages 
ago, the perfect preservation of shell tish is sometimes surprising. 
Species resembling the cuttle-fish, for instance, have been found 
with the ink-bag as good as if the animal had just been caught 



§ IV. — Fossil Fish. 

The remains of other sea animals are less abundant. Next to 
the testaceous kind, fish are the most frequent. They are found 
in Switzerland, nea;* Glarus, in the clay slate; in Germany, in 
marly slate ; in E^pt ; in Syria ; in the calcareous rocks of the coast of 
Coromandel, and in several mountains of China. But perhaps no 
place has furnished a greater number than Mount Bolea, near 
Verona, in Italy. France has furnished some very curious speci- 
mens. There has been discovered at Grandmont, in Burgundy, a 
fish in a mass of gray, calcareous stone. Another, which was 10 
mches, 10 lines long, has also been found in a solid bed of stone, at 
17 feet depth, at Nant^rre, near Paris. It belongs to a tribe simi- 
lar to those which live in the equatorial seas. Upwards of 600 
species of fossil fish have been discovered in Britain. 

Shark's teeth are found almost everywhere, sometimes adhering 
to the maxillary bone. The calcareous rocks which border all the 
coasts of the Mediterranean, afford them in great quantities ; they 
are frequently seen in Livonia, in the Uralian Moimtains, and in 
the steep shores which form the margin of the rivers of Siberia. 
One of an enormous size was found in North Carolina. From the 
size of the tooth, the shark must have been from 10 to 100 feet 
long. Sharks seem to have abounded during every geological 
period ; and more than 150 fossil species have been discovered. In 
all the rocks below the pentazoic or chalk, the fishes are all desti- 
tute of scales, and are covered with bony plates, whereas the exist- 
mg species are mostly covered with scales. Those of the older 
rocks further differ from most of the existing species in being hetero- 
cercalj that is, they have the spine running into the upper part of 
tile tail, which is much longer than the lowet \o\i^^ «fi>\si 'Oci<^ ^s!kaj^\ 
wbeivas the Bsh of the present period raosftj \xaN^ ^^^ V»i^. V«cw> 



cereal, that m, tho two lobes are equal, aod ttiG Bpina does not ex- 
tend into either, aa m the sahuon. Tbe largest fishes of the older 
rocks further differed from most of those of the present period in 
resembling lizards in the formation of the skull, sjune, leeth, and 
skill; and hence ihey are termed sauroid, (lizard-IiJce.) Some of 
them must have been largffl* than crocodiles. Only two living 
genera of this kind are known. J 

The different formations described in the last section of the prf^l 
ceding part are characterized hy peculiar species of fish ; for thft 1 
same spedes has never been found in any two of them. Another | 
remarkable fact is, that they do not change gradnally, as we paa 
from one formation to tbe other, but abruptly ; and iheee changes 
were simultaneous with changes in other animals, and in plants. 
This indicates that existing species were suddenly destroyed by « , 
general upbreakiug of the earth's surface, and other species sooi 
after created, more suited to the altered condition of the globfl 
The present period forma the seventh, which eshibita its own p 
bar a"'rna-la and plants. 

Fiah are found in all the great formations, from the prota 
upwards, which is not the casg with any other class of vertebra 
Agassiz reckons the number of species of fish that existed dur 
alfthe geological epochs at 30,000. The number of living e 
known is only about 8,000. 

Under this head we may mention a kind of crustaceoua a 
formerly very prevalent, called the trilobiie, because they were c 
vided by longiLudinal furrows into three lobes. They appear to 
have swarmed in the waters of the protozoic period, as more than 
200 spedes have been discovered in its rocks. The whole class dis- 
appeared with the deutozoic or next period, which exhibits only a 
lew spedes. No such animal appears to have existed for countlees 
agffl. The largest ever found was in Ohio. It is 19i inches long. 

Some tish have been fordbly and suddenly enclosed in the aab- 
stance which contained their impression, or their cast in petri&oti<xr 
We can still perceive tbe violent and convulsive contortions i: 
which these animals had thrown themselves, to e 
catastrophe of which they are the monuments. 



§ V. — Fossil Eepiiles, Insects, abd Bmna. 
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The fossil remains of reptiles are very numerous and interesting. 
The most important are those of the ianrians, animids of the lizard 
kind, which thst appear in the deutozoic or carboniferous period, 
ailiiough they do not become numerous or important till we come to 
Cbe tetmzoic or oolitic period. 0£ l\ua e\)t)ii\i, Vioe-j a.ij\eai to hav^V 
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been the ruling animals. No less than 28 species have been found in 
Britain alone, mostly in the tetrazoic rocks. One of the most inter- 
esting is the ichthi/osaurus, or fish-lizard, sometimes upwaids of 30 
feet long. It had the snout of a porpoise, the teeth of a crocodile, 
the head of a liza 'd, the backbone of a fish, the breastbone of an 
omithorhjnchus, and the paddles of a whale. The orbit of the eye 
in one species, was 14 inches in diameter. The length of the jaws 
sometimes exceeded 6 feet. The eye had a contrivance by which it 
could see by night as well as by day. It inhabited the ocean. Ten 
species of this singular animal have been discovered. The plesiosau- 
rus, (neighbor-saurian,) resembled the former in many respects, but 
it was much smaller, the largest skeleton yet discovered being only 
11 feet long, and its neck was much longer. It was also a sea ani- 
mal. Of this kind 16 species are known. 

The two preceding genera disappeared with the tetrazoic period ; 
and they are succeeded in the next by the mosasaurus, or saurian of 
the Meuse, so called fi'om its remains having been found on the bank 
of that river. Remains have also been found in England. This 
animal was about 25 feet long, and disappeared with the chalk. 
like Ihe two preceding genera, it was marine. 

Of land saurians, one of the most remarkable was the megalosau- 
ruSj (great saurian,) which somewhat resembled the crocodile, and 
was 30 feet long. Its teeth combined the principles of the knife, 
the saw, and the sabre. At the same time lived the hylaeosaurus, 
(wood saurian,) a similar animal, about 25 feet long. 

All the above saurians were carnivorous. The iguanodon^ (iguana- 
toothed,) was a kindred animal, but herbivorous. It is the largest 
land animal whose remains have yet been discovered. Its length 
was 70 feet; girth of body, 14-J- feet; of thigh, 7 feet; and length 
of the hind foot, 6^ feet. Its remains were found in the south of 
England. The above length wivs made out from comparing the bones 
found with those of the iguana, which it greatly resembled, as no 
complete skeleton has yet been found. Another very large animal 
of this class was the cetiosauruSj (whale-Hzard,) which was 60 feet 
long. 

More strange, though much smaller than the preceding, was tlie 
pterodactyl, (wing-fingered.) To call it a winged lizard, wouid only 
express a small part of its anomalies : for it had the beak and n('ck 
of a bird, (though the beak was singular in having some sixty sharp 
teeth,) the wings of a bat, and the body and tail of a mammal. The 
forearm was elongated to support the membranous wing, from which 
projected fingers terminated by long hooks ; its eyes were of enor- 
mous size. Eight species have been discovered, the largest being 
about the size of a cormorant. Its remains were found in. Eix^JasA 
and in Gerinanjr, 
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Tortoises of all kinds have been found fossil, in all the rocks abav« 
the carboniferous. Some of these were of huge size, one whose 
remains were found in India measuring 20 feet across. The whole 
number of species of reptiles discovered exceeds 300. Insects first 
appear in the deutozoic or carboniferous rocks. The number of 
species found fossil, (about 70,) bear no proportion to those of the 
present period : but we must not infer that they were not numerous 
m early times ; for their frail and light bodies are not so easily pre- 
served. 

No remains of 'birds have been found lower than the tetrazoic 
rocks ; but Professor Hitchcock discovered the footmarks of many 
species on tritozoic rocks, in the Connecticut valley. Some of these 
were very small, and others of enormous size. In one instance, the 
footmark was 17 inches long, and the step 4 or 5 feet; in another, 
the mark was 2 feet long, and the step 6 feet. This would indicate 
that the birds were much larger than any existing species. Only 
about 50 fossil species of birds have yet been discovered ; but they 
probably bore as great a proportion to other animals formerly, as 
they do at present ; for their power of flight would prevent tiiem 
from perishing in circumstances where their remains were likely to 
be preserved. 



§ VI. — Fossil Mammals. 

With the exception of a few remains of marsupials, (the lowest 
class of mammals) found in the tetrazoic rocks, no remains of mam- 
mals have been found below the hectozoic or tertiary rocks ; but 
here they suddenly become very abundant. The genera are the 
same as those of the present period ; but they are of a larger size, 
and of a different species. The genera were very numerous, and 
included horses, cows, deer, sheep, goats, lions, bears, wolves, hyenas, 
hares, rabbits, mice, rats, elephants, mastodons, rhinoceroses, hogs, 
and cats. The remains of quadrupeds are found accumulated in 
regions where similar animals do not now exist. Some are buried 
deep in beds of gypsum, such as the palceotheriuniy (ancient beast,) and 
the anoplotherium^ (unarmed beast,) which Cuvier may be said to have 
resuscitated, and which, with their different varieties, are found in 
beds of sand in the environs of Paris. The former genus was like a 
horse, but more thick and clumsy ; the latter resembled the deer. 
Others are met with in beds of sand c marshy ground, as the greater 
part of the bones of elephants, the megalonyx, (great onyx,) an un- 
known animal of the sloth tribe, having the shape of an ox, and 
found in Virginia ; the megatherium^ (great beast,) found near Buenos 
Ajress and Georgia, and having the character of the sloth, with a 
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bulk larger than the rhinoceros. Its body was 12 feet long and 8 
high ; it measured 5 feet across the haunches, and its thigh bone 
was nearly thrice as thick as the elephant's. There are some which 
present themselves to view, accumulated in vast caverns, and destitute 
of any envelope ; it is thus that the fossil bear has been found in the 
caverns of Gailenr^uth, in Germany. The fossil remains of this 
genus are spread, as well as those of marine animals, all over the 
face of the globe. The fossil elephant, which is of a species entirely 
different from those of the present day, has left proofe of its ancient 
existence in all Europe, in northern Asia, and in North America. 
We know that ^beria always exports annually a great quantity of 
fossil ivory, a substance which abounds in that country. It is almost 
always seen where the waters of the rivers undermine the light soil 
which forms their borders. The Islands of Lachov, situated to the 
north of Siberia, are, according to a modern traveller, only heaps of 
sand, ice, and bones of elephants and rhinoceroses, mixed with those 
of great cetaceous animals, and even, agreeably to the latest accounts, 
with the remains of gigantic birds. 

There have been foimd in Siberia whole carcasses of the species of 
elephant called mammoth^ covered with flesh and skin, which the 
frost that prevails in these regions has preserved entire. In Europe, 
the greatest number of these have been found in Germany, Itsdy, 
France, and Britain. 

Some elephant's bones have been brought from the upland plain 
of" Quito, by Humboldt. It has been estimated that from the Big 
Bone Lick, in Kentucky, alone, the bones of 20 elephants have been 
carried away. 

Next to the manmioth, or fossil elephant, we should mention the 
mastodon^ (teat-toothed,) an animal nearly similar to the elephant, 
and like him, graminivorous, but distinguished, besides other pecuh- 
orities, by the form of the teeth. This animal, which is sometimes 
con£>unded with the mammoth, or fossil elephant, (of which there 
are five distinct kinds, all unknown in a living state,) has left its im- 
posing and astonishing remains upon both continents. At least 
seven species have been found fossil, (some say 13,) three in Europe, 
one in India, two in South America, and one in North America. 
That found in North America is the largest. It is upon the banks 
of the Ohio, and of the Hudson, or North River, that the best 
specimens of the mastodon have been found. They have also been 
met with in Louisiana. Two nearly complete skeletons were found 
in Orange County, New York. That found near Newburgh, in 
1845, is perhaps the finest ever discovered. It was found in a peat 
bog, with marl below. Its weight is nearly one ton. 

The fossil bones of the rhinoceros and hippopotamus, are found in 
• the Yidnity of the remains of the elephants. T\i<i Tao^K. x^xwsc^Mii^*^ 
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remains of the rhinoceros, ia the head, which ha^ been taken oxA 
almost untouched from the turf pits, on the Wiloni, a river of Sp» 
beria. 

Besides the megatlierium, already mentioned, another remarkable 
animal, aUied to the sbth, was the mylodon, (mill-toothed,) whose 
pelvis was larger than the elephiuit's, and whose tail was so remark- 
ably large and strong that it probably used it for support in sitting' 
Its remains are found in South America. 

Of all the mammals that ever existed, the largest, as fiir as we 
know, was the dinotfierium, (terrible beast,) an animal resembling 
the tapir and the mastodon. It3 remains have been found in France, 
Austria, and Central Germany. Its length must have been about 
18 feet. It had two enormous tusks, like those of the walrus, on 
the lower jaw, 4 feet long. It is supposed that it lived chiefly in the 
water, like the hippopotamus. 

The horns of fossil oxen are found 31 inches long; and those of 
the fossil elk were more than 10 feet asunder at the tips. A perfect 
skeleton of this animal was found in the Isle of Man. It is now in 
the University Museum, at Edinburgh, beside that of a large Swedish 
elk, which looks very puny beside it 

Many fossil mammals have been preserved in caverns. Some- 
times they appear to have retired thither to seek a shelter from 
some sudden revolution, the iriesistible violence of which, notwith- 
standing, involved them in general destruction. At other times they 
seem to have lived there ; for the cavern is full of the gnawed bones 
of prey, which they seem to have dragged into their dens. The 
bones are sometimes encrusted in stalagmites. Caves of this kind 
occur in England and in Germany. The remains found in the latter 
are chiefly those of bears, one kind of a huge size. The caverns 
sometimas appear to have been inhabited by these animals for a 
long series of agas, as in one instance several thousand skeletons 
were found in one cave. In the English caves the remains of hye- 
nas are common, an animal not now found in Europe. And it may 
be remarked, that in general, organic remains frequently difter very 
widely from those of Hving animals in the vicinity, or even in that 
quarter of the globe. 

The occurrence of drift at the mouth of caverns containing bones, 
and sometimes within them, indicates that the animals whose re- 
mains are there entombed, perished by a sudden rush of waters. 
The supposition we formerly mentioned regarding the cause of the 
drift, sufficiently accounts for the sudden disappearance of so Uiauy 
species throughout the northern regions. The hypothesis of a sud- 
den revolution in the temperature of the globe is not only contra- 
dicted by the nature of the flora, but unsatisfactory otherwise. 
•*or it would have still permitted the animals to seek another habi- 
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tation. Nothing besides, in the structure of these animals, posi- 
tively announces that they could not have lived in a cold climate : 
only the quantity of nourishment which some of those huge ani- 
mated masses required, and their numbers, proved by the existence' 
of the carnivorous kinds, render it probable that the countries 
where we find their remains once enjoyed a temperature, if not 
warmer, at least more &vorable to vegetation. 

The total absence of human bones, in these different collections 
of remains, proves that man did not exist anterior to the last revolu- 
tion of the globe. Some human remains have indeed been found 
in ancient rocks, but only in cases where they were placed there for 
interment As every geological epoch witnessed the introduction of 
a higher class of animals, the present — and in all probability the 
last, while this globe endures — witnessed the introduction of Man, 
who, with all his defects, is still " the chiefest work of God below." 

8 



DIVISION FOURTH. 

METEOROLOGY, OR DESCRIPTION OF THE ATMOSPHERE, 

AND THE PHENOMENA DEPENDENT ON HEAT, 

LIGHT, AND ELECTRICITY. 



PART I. 

DESCRIPTION OF THE ATMOSPHERE, AND ATMOSPHERIC 

PHENOMENA 



§ I. — ^Preliminary Remarks. 



Having gratified our curiosity with contemplating some of the 
wonders of the earth, we proceed to the consideration of the vast 
fluid with which it is surrounded, and which may be said to consti- 
tute an integral part of the globe itself. This celestial ocean, whicli 
is called the atmosphere^ — that is to say, the sphere of vapors^ — 
forms the subject of our present discussions. 

The atmosi)here is the grand laboratory of nature, in which the 
various gases exhaled from our globe are collected together, and 
distilled, mixed, decomposed, volatiHzed, condensed, or precipitated 
in an endless round, according to fixed laws. All terrestrial beings 
pay tribute to the atmosphere; all receive from it the principles 
necessary for life. There is perhaps no substance which could not 
be reduced to the aeriform state by intense heat, and which could 
not be rendered sohd by intense cold. Were this planet transported 
into the temperature which Mercury possesses, a part of our sea and 
of our land would evaporate and mingle with the atmosphere ; and, 
on the other hand, should our globe, at any time, wander towards 
the cold regions of Saturn or Uranuus, a great portion of the vapors 
in our atmosphere would be condensed, and pass to the sohd form. 
Our atmosphere, therefore, may be thus defined : — the assemblage 
of all substances capable of preserving the aeritbrm state, at t£e 
degree of temperature which prevails around the terrestrial globe. 

The atmoBpheric fluids may be divided^ mUi thifee classes: the 
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first compreliends pure air, or atmospheric fluid, properly so called ; 
the second consists of aqueous vajwr and carbonic acid, which are 
always present in the atmosphere ; and the third is composed of the 
various gases occasionally suspended in it, and which differ widely 
in different localities. 

The color of air is a fine light blue. But the atmosphere of vari- 
ous countries derives a pecuhar tinge firom the vapors it contains, tlie 
degree of rarefaction, and the amount of solar hght which falls upon 
it In cold countries, its blue is generally less brilliant, because it is 
seldom fi-ee from vapors, and the hght is more feeble. For these 
reasons the sky of France is of a clearer blue than that of England ; 
that of Italy surpasses both ; and this is very inferior to the crystal- 
line cerulean of the isles of the Pacific. 



§ n. — Composition of the Air. 

Common air, which forms the greatest part of the atmosphere, is 
not a simple element. Modem chemistry, by analyzing and again 
compounding it, has proved that there are two substances which 
neo^sarily enter into its composition in very different proportions, 
viz. : oxygen and nitrogen, otherwise termed azote. 

The essential properties of air depend on these two gases ; but as 
steam, or aqueous vapor, and carbonic acid gas are always present, 
they are properly considered constituents of the air. Tlie quantity 
of carbonic acid is always uniform where there is a firee circulation 
of air, being the same at the sea level and on the tops of the highest 
mountains, at the poles and under the equator. Tlie quantity of 
aqueous vapor differs widely ,iaocording to circumstances ; but it is 
generally within certain moderate hraits. Professor Brande, of Lon- 
don, gives the average ordinary constitution of the air as follows, 
omittiiig the third class of substances mentioned in the preceding 
leetion: — 

By measure. By weight. 

Nitrogen, ....... 77.50 75.55 

Oxygen, 21.00 23.32 

Aqueous vapor, 1.42 1.03 

Carbonic add, 0.08 0.10 



100.00 100.00 

Such a compound forms a very pure, healthy air. 

Some think that because hydrogen, or inflammable gas, is much 
Bgfater than air, it must rise to the upper regions, and form an en- 
T^pe around the atmosphere. This is one o{ \Ai(^ xa^xq ^Ttcsvi<;ijcm 
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c^inions apt to be held by sciolists. Gases diflfiise themselves through 
each other till they are intimately blended, no matter how modi 
their specific parities may difFor ; and no gas thus difiiises itself 
more rapidly than hydrogen, the absence of which from the lower 
regions of the atmosphere, therefore, proves its non-existence in tlie 
upper. The little that occasionally escapes into the atmosphere, is 
gradually united with oxygen, by means of the electricity which is 
in constant operation in every paui; of the world, and thus converted 
into water. 

The. principal other gases occasionally intermingled with the air 
are carbureted hydrogen, (otherwise termed marsh gas and fin' 
damp,) and sulphureted hydrogen, or hydrosulphuric acid. Both 
of these are poisonous ; but they indicate their presence by a die- 
agreeable smell, that of the latter being particularly so. Air, how- 
ever, is more frequently corrupted by the presence of an undue 
amount of carbonic acid, which miners call choke-damp. This k 
destitute of any disagreeable smell, and hence produces much more 
mischief than the others, although it is not nearly so poisonous as 
sulphureted hydrogen. It is carbonic acid that -causes death in 
close rooms, or such as are heated by charcoal furnaces, and in mines 
and pits. It is also the cause of the headaches and drowsiness 
which are experienced in crowded rooms, public and private. It 
always accumulates rapidly in such places, ^vithout a much more 
efficient system of ventilation than is usually thought sufficient. 
The very small quantity generally present in the atmosphere, pro- 
duces no bad effect ; but when this has been increased tenfold, its 
agency becomes very injurious; yet in such plac^ as those just 
mentioned, it is generally increased more than fiftyfold, while the 
vital oxygen is withdrawn. It would, therefore, be well if people 
would look nearer home, before speculating about the " inflammable 
gas in the upper regions." 

It is only oxygen gas which is consumed by animals in respiration 
But if it existed in too great proportion, it would be the means oi 
exciting our vital spirits to such an excessive degree, that exhaastio* 
and death would soon ensue. On the other hand, nitrogen, or azot(^, 
(as the latter name indicates, a-zotikos, not >ivifying,) is incapable of 
supporting animal life. It is, then, the mixture of these two gases, 
oxygen and nitrogen, that renders the atmosphere so favorable for 
animal existence. The nitrogen has no bad effects upon the system, 
while it tempers the action of the oxygen, which is too violent when 
diluted to a less degree, while a greater proportion of nitrogen would 
render the air too feeble in its action. These facts have been proved 
by many experiments on mixtures of these two gases in different 
proportions. 
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§ in.- — ^Effects of Respiration and Combustion on Air. 

Plants inspire carbonic add and exhale oxygen gas — only, how- 
ever, when they are exposed to the light of the sun. 

Ovbonic acid is a compound of oxygen and carbon, which plants 
decompose. The carbon goes to nourish their tissues, which are a 
compound of carbon and water ; and they return the oxygen to the 
air. The action of animal respiration is the reverse : animals require 
oxygen, both to stimulate the organs to due action, and to generate 
heat, by uniting with the carbon existing in the blood. When these 
two substances unite, much heat is always produced ; and the result 
18 carbonic acid. This is extremely poisonous to animals. Hence 
they are throwing it off incessantly by expiration. The effects of 
combustion, or burning, on air are identical with those of animal 
respiration : for the carbon of the fuel unites with part of the oxygen 
of the air, and produces carbonic acid. We may now see the beau- 
tiful arrangement by which the air is rendered fit to supply the wants, 
both of plants and of animals, and innocuous to either. Plants take 
up carbonic add, which is poisonous to animals, and obtiiin horn it 
the carbon requisite for their growth, while they return to it the 
oxygen required by animals. The latter take up the oxygen, and 
return carbonic acid for the use of plants. 



§ IV. — Color and Weight of the Air. 

Tlie air is a fluid so extremely rare and subtle, that it becomes 
sensible to the touch only when in motion, — for example, when the 
wind is blowing. In its state of purity it is equally ta«^teless and in- 
odorous. Although, when we view a small portion of air, it appears 
colorless, yet it has a fine blue color ; and " the blue sky" is, in reality, 
nothing but the blue air ; and the blue appearance of distant land 
18 owing to the color of the intervening air. 

The andents thought that air had no weight ; but Torricelli, a 
pupil of Galileo, demonstrated the contrary. The air-pump, the as- 
cent of water in a suction pump, and the elevation of mercury in the 
barometer, are all so many proofe of this fact. The moan pressure 
of a column of air, reaching down from the extremity of the atmos- 
phere to the level of the sea, is equal to the weight of a column of 
mercury of the same thickness, and of nearly 30 inches in height ; but 
it ranges from 28 to 32 inches. Take a tulx) of ghiss 2 feet 1 1 inches 
long, and about 2 linos diameter, closed at one end, and open at the 
other ; fill it with mercury, applying your finger to \X\^ crc\^<;yfe\ \\c?'55A» 
the tnh^ and place tho open end in a basin couWmi[\%TasstCQX^\ ^^i^- 
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draw your finger, and you will observe, at the same moment, the 
mercury descend in the tube, to the height of 29 or 30 inches. la 
the same manner, in our common pumps, the water rises to a heigbt 
of 32 or 34 feet. Now this height is to the height of the mercuiy, 
in the inverse ratio of the densities of water and mercury. One ami 
the same cause operates here. It can be nothing but the weight of 
the external air which balances the mercury in the basin, and thd 
water in the pipe. The average weight of tiie air at the sea levd^ 
as thus ascertained, is 15 lbs. on the square inch; being more thaa 
800 times lighter than water. As we ascend, the pressure of the air 
diminishes at first so that the barometer falls about -^r of an indb 
for every 75 feet ; but afterwards it diminishes more rapidly. 

The pressure which the air exerts on a man, the surfece of whose 
body is 15 square feet, is nearly 33,000lbs. ; and the variation of a 
single line in the height of the mercury, produces a change of up- 
wards of 130lbs. in the pressure of the air. The diminution of ifie 
weight of the air on very high mountains, combined with other cir- 
cumstances, occasions vertigoes, nausea, hemorrhages, and a feeling 
of general uneasiness. The air exerts a pressure equal on all sides ; 
otherwise fi-agile bodies would soon be broken. The moment that 
the equilibrium of its parts is destroyed by any cause, this property 
produces an instant exertion to re-establish it, and this is the principle 
of all its movements. 



§ V. — ^Elasticity and Height op the Air. 

The elasticity of the air is the property which it possesses of re- 
sisting the force of compression, and of recovering its original vol- 
ume, or even a volume of greater dimensions, as soon as the com- 
pressing force ceases to act. We cannot exactly compute the limits 
of the compressibility and the expansibility of the air ; we know, 
however, that they are of vast extent. Boyle affirms, that without 
the assistance of heat, he has dilated air 13, 766 times. Every one 
knows the manner in which air is compressed in an air-gun, and the 
force with which it can thus be made to impel a ball. Mariotte dis- 
covered, that the temperature being the same, the pressure, or elastic 
force of air, is directly as its density, and inversely as the space it 
occupies ; and the same is true of all other permanent gases. Hence 
the denser the air, the greater is its elastic force, and vice versa ; so 
that, as it expands fi'om diminished pressure, the power to expand 
becomes gradually less. 

Its rarefaction in the upper regions must therefore have hmits ; for 
as we ascend, the force of gravity diminishes so slowly and that of 
tlie air so rapidly, that we shall come lo a "^xoX. ^\i«t^ ^<^ ^mt^^ioSL 
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exactly balance tlie other. This will be the limit of the atmosphere. 
But as we do not accurately know the law of the progressive rare- 
fiiction, we are unable to determine the precise height of the atmos- 
phere from such data. Another dimculty is that the cold in the 
upper regions interferes with Mariotte's Law, and makes the height 
much less than it would be if its temperature were uniform : for the 
elasticity of all gases ra2)idly diminishes on the application of colil, 
?s it increases by the application of heat. By observing the sun's 
position at the beginning or end of twilight, which is about 18^ 
below the horizon, we can determine the height at which the atmos- 
phere begins to refract the rays of solar light ; and as light is so 
ethereal, and so easily refi-acted, we may fairly infer that there, or at 
least a little above, are the limits of the atmosphere. This gives it a 
height of about 45, or at most, 50 miles.* 

The atmosphere is supposed to be higher at the equator than at 
the Poles, but we have neither data tor computing the various 
heights, nor the proportion in which they differ. 



§ VI. ^IV.MPERATURE OF THE AlR. 

The temperature of the atmosphere has a great influence upon 
most meteorological phenomena ; but it is exceedingly variable, and 
as yet can only be detennined by actual observation on the spot. 
Nothing could tend to throw a greater light on many of the unre- 
solved questions in meteorology, than a ready mode of computing 
with certainty the temperature which obtains at any instant, in a 
point of atmosphere remote from the earth's surface, and at any paint 
on the surfiace remote from the observer ; but these are Uk^y to 
continue desiderata. 

What is known of the tt^mperature of the air, remote fi^m the 
earth's surfiice, has been derived from aeronautic expeditions, and 
particularly the unexampled ascent of Gay Lussac to the height of 
23,040 feet. 

Leslie estimates that the temperature of the atmosphere diminishes 
1° Fahrenheit, for every 100 yards of ascent. This, however, is true 
only near the sea level. The decrease of its temperature is owing 
to increased rarity ; and hence it is more rapid in the higher regions, 
so that at the height of 5 miles, it is 1° for every 200 leet. Many 
circumstances, however, interfere with the rate of decrease, which ia 
seldom uniform in two disttuit places, or in the same phice at differ- 
ent times. The figures just given, are only mean approximations 
lor temperate climates. 

* There can be little doubt that there are atmoe^bscv^ >ii^cs^^KB£&aiK Na 
£kM0 oilhe ooean : bat tbey are neither senaibld imx imyvrVaan^ 
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Mr. Dalton, about the commenoement of the present oentnry, pra 
posed a theory of gradation of heat in the atmosphere, on the siqp 
position that the same weight of air, taken anywhere, in a vertioa 
column, contains the same quantity of heat ; and hence, he ooa 
duded, that the temperature ought to be regulated by the capadta 
of the air for heat at the particular density. This theory seemec 
very plausible at the time it was advanced, and agreed well witl 
what was supposed to be known of the variable capacity of the ail 
for heat. But simpler and more accurate experiments have shows 
that the decrease of temperature, due to rare&ction, i^ exceeds thail 
observed in aeronautic ascents ; and, therefore, if such observatioiu 
are to be depended upon, there must be other causes which interfen 
with Dalton's theory. 

The heat of the air, in one shape or other, is no doubt greatly d» 
rived from the sun, either immediately, by intercepting the solar raya, 
or indirectly, from its contact with the earth's surface, which is m<»e 
or less heated, according as it is turned more or less towards the sun; 
and thus the various parts of the air are heated unequally. Again, 
since the currents in its upper regions usually come from a warmei 
quarter, and the lower currents from a colder quarter, the decrease 
of temperature, on ascending in the atmosphere, is slower than the 
law of capacity, as increased by dilatation, requires. SometimeB, 
however, the case is reversed. 

As a lower temperature obtains in elevated situations, owing to the 
increased rarefaction of the air, so an increased temperature generally 
prevails in air occupying deep caverns and mines, owing to increased 
density of the air, independent of other influences. There are some 
mines intensely cold, and as these were first observed, the explanar 
tion offered was, that the colder portions of air had, by their greater 
weight, descended into the mines. But this solution entirely van- 
ished when it was known that mines are generally warm. The heat 
of the workmen, their fires and lights, have been stated as sources 
of heat, as hkewise the chemical action of air and water on the 
minerals. 

This sufficiently proves that whatever be the sources of heat^ 
some of them at least must operate in, or be situated about the 
mine itself. That a high temperature obtains in the interior of the 
earth, is, in many instances, evident from the streams of hot water 
and vapor, which issue from fissures in the strata ; but in many 
warm mines this is scarcely observable. From what is now known 
of the greater capacity of compressed air for heat, there can be Httle 
room to question that this frimishes a considerable supply, although 
the other causes just mentioned assist more or less in raising the 
ten)/>erature of mines. Thus, if the air at the temperature of 
62° F. have ita density suddenly mcteaaeA \j^ VScia Vl^\k ^^ax^thA 
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(emperafcare will be raised 1°, supposing no heat to be lost on the 
sides of the shaft. This would give 1^ for a descent of 1*70 feet, 
which is still short of the rate at which tlie temperature is observed 
to increase in British mines ; but when added to the heat caused by 
the other agencies described, there does not seem to be any mystery 
in the higher temperature of mines. 



§ Vn. — ^Aqueous Meteors. 

Water is incessantly rising from every part of the earth's surface, 
whether land or sea, in the form of an invij?ibie gas, or as a vapor, 
which mixes with the air. This process is termed evaporation. 
The amount evaporated greatly varies with the nature of the sur- 
&ce, the temperature of the air, and the amount of water already 
blended with it. The warmer the air, the more ra})id the evapora- 
tion, if other thin^ are thVj same : but where the surface of the 
earth is dry, the evaporation is much slower than from waters, and 
the air will only receive a certain amount of vapor at a given degree 
of heat and density. When it has received this amount, evapora- 
tion will cease. If the air now cools, part of the water it contained 
in the invisible form of steam becomes visible, having assumed the 
form of water : for, as air cools, the Jimouut of vapor it will sustain 
decreases : and whenever it contains the greatest amount it will re- 
ceive it is said to be saturated, or at the dew-point. Such is the 
origin of all aqueous meteors. 

When a mass of atmospheric steam has been condensed by the 
eooUng of the air, it forms what we usually denominate a cloud : 
if this should rest on a mountain, it is termed a mist ; if on the 
plains or valleys, it is a/o^. If the small drops of mist, under the 
mflnence of mutual gra>ity, unite so as to become too large for the 
aur to sustain them, they fall to the earth, forming rain. If the 
rain freezes when the drops are yet small, it becomes snow, which is 
an assemblage of small crystals of ice : if they freeze in their 
descent, after they have become large, they form hail : tf they freeze 
only partially, they form sleet. Dew is nothing but a light rain 
which fells from a very small height, and is produced by tlie cooling 
of the stratum of air in contact with the ground. It differs in no 
respect from the drops deposited on the outside of a tumbler con- 
taining cold water, on a warm, damp day in summer. Hoar frost 
is simply frozen dew. 

The particles of water of which clouds are composed are sustained 
in the air by the cohesion between it and their surfaces, exactly like 
the small motes that we see floating in the air of a room^ m tha ^vwa? 
henma, Tbey cannot be thus sustained wlQ.eii \ii^'^ \s^ti«d'^ ^ax'^^ 
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because their sur&oes are now much smaller in proportion to thel 
weight. Some suppose that the watery particles of clouds consal 
of small vesicles ^led with air lighter than the atmosphere. Tkfc 
hypothesis is gratuitous and unnecessary : for the particles of dart 
to which we just alluded, are sustained without being hollow gldb^ 
ules ; and there is no occasion for any other machinery to suppoij 
the cloud globules. 

The size of rain drops seems to depend chiefly on the rapiditl 
with which the cloud globules are formed : for if these are produced 
rapidly, many will unite and form large drops ; if they are pro 
duced slowly, there are not so many to unite, — ^they are furtbei 
apart, — and the drops' will be smaller. In tropical countries, rain 
drojjs are large, because the amount of water in the atmo8j)here is 
greater than in other regions, and consequently cloud globules will 
tbrm more rapidly and abundantly. This explanation is consistent 
with the £ict tliat rain which forms suddenly generally consists of 
large drop, while that which forms slowly consists of small drone. 
Another circumstance which influences the size of rain droj)s is toe 
height from which they fall : for as they fall they gradually unite. 
rhe crystallization of snow is quite similar to that of sal ammoniac^ 
or apy gas of that sort, and therefore requires no particular explaofr 
tion. 

Hail is produced by the rain drops meeting in their descent with 
a current of air cold enough to freeze them. Hence it is apt to 
occur during rapid and extreme changes of temperature. It k 
therefore of comparatively rare occurrence, continues only for a shoH 
time, and is very limited in extent : and if it sometimes produoee 
injury to crops, it tempers the chiUing blast by the great amount of 
latent heat set free in the act of freezing. 

Snow is beneficial in several ways. It not only economizes the 
supply of water for streams, and greatly tempers the heat and cold 
of the atmosphere, but it protects roots and seeds from the influence 
of wintry frosts : for, being a powerful non-conductor of heat, it pre- 
vents its escape fv^m the earth, as if it were an immense mantle of 
wool.* The utility of rains and dews is so obvious that they can 
hardly escape the observation of a child. 

The amount of dew deposited in any place will depend on the 
rp^idity with which the air cools ; those bodies which cool rapidly 
will receive most, and those which cool slowly will receive little, and 
sometimes none. Thus we may often observe the grass and metal- 
lic bodies covered with dew, while the dry dust of the highway is 
entirely free from it The grass generally receives a copious supply, 
because the evaporation from its leaves accelerates its cooling. 

* "^ ffiveth enow like ^ooL"— PesSima csi^m. \^ 
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There is generally a dose relation between the evaporation and 
the amount of rain which Mis in a country. This relation, how- 
ever, is not constant ; for winds may cause the vapors of one country 
to descend r^ularly in another, as is the case in many parts of the 
woAd. Still, when we take an extensive region, the relation 
generally holds: thus the heavy rains at the equator correspond 
with the rapid evaporation; and as the latter diminishes as we 
move towards the Poles, the annual Ml of rain diminishes ako. 
This is very evident from the following statement of the average 
annual quantity of rain that falls in different latitudes, as given by 
Humboldt 

FaU of Rain. 

Under the equator, 96 inchesL 

North lat 19° 80 

" 45° 27f 

« 60° 17 

The annual average at particular places differs widely from the 
above general average. At Mahabuleshwar, in the Deccan, 4,200 
feet above the sea level, it is 302 inches ; at Matawba, in the Iskmd 
of Guadaloupe, lat. 16° N., 292 in. ; at Maranham, in Brazil, 2° S., 
281 in. ; at Sierra Leone, 8° N., 81 in. ; at New York, 41° N., 48 
in.; at Madrid, in the same latitude, 10 inches, being smaller than 
the fidl at Petersburg, lat. 60^ N., which is 17 inches. Owing prob* 
ably to the narrowness of the American continent, the fall of rain is 
much greater than on the Old Continent. Tropical America has an 
annual fall of 115 inches, while tropical Asia and Africa have only 
76. In the north temperate zone of America, it is 37 inches, while 
in that of the Old Continent it is hardly 32 inches. 

It is calculated that if the whole atmosphere were saturated, its 
total amount of vapor would produce only 5 inches of rain ; hence, 
the vapors of the atmosphere must be frequently renewed in the 
course of the year. As mountains attract clouds, elevated regions 
generally receive more rain than lowlands ; and as the sea evapo- 
rates more freely than the land, more rain generally falls on the 
coasts than in the interior. To this, however, there are some striking 
exceptions. Thus, abundance of rain falls in many parts of the in- 
terior of South America, while Yerj little falls on the western coast, 
because the wind generally blows from the east, and the vapors are 
intercepted before they pass the Andes. 



§ Vm.— Clouds. 

Hie watery evaporations which rise from\ake&^l^d&^Tv?^t^^^3^^ 
is i60^ /h>m the whole surfiioe of the earilk^ a&cfiSoA cscl ^Ko;2iQS^^ 
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tlieir elasticity asd %htiie§3, antil the air becomes so cold and thin, 
that tUey can rise no higUur, but ai'e condpiiaed, 

Thit height of the douda ranges Irom 50 yutds to 4 miles ; their 
average height is calculatiid to be two miles and a liulf. Their size 
is likewise very different. Some clouds have been found, occupying 
aa extent of 2& sqiLire mlka, and their thickness, in some cases, has 
been ascertaiued by travellers who have ascended mountiuus, ta be 
a thousand teet Others are thin, and of small dimensions. 

Luke Howard, in bis Essays on Clouds, divides them, with respect 
to their forms, into three simple and distinct classes, which be names 
and defines as follows :— 

First, Qirna. — A cloud resembhng a lock of hair, or a feather — 
parallel — flexuous, or diverging fibres, unlimited in their extent and 
oirection. 

Second, Cumulus. — ^Acloud which hicreases imta above, in dense^ 
convex, or conical shapes. 

Third, Stratus, — An extended, continuous, level sheet of cloud, 
iocreaaiDg from beneath. 

There are two modifications, which appear to be of an intermedi- 
ate nature ; these are — 

Fourth, drro-Citmtilus. — A connected system of small, rooodiA 
douds, in close older, or compact. 

Rfth, Cirro-Stratua. — A horizontal, or slightly inclined tihee^ 
attenuated at its drcumferenoe, concave downward, or undulstod. 
Groups or patches have these characters. 

There are two modifications, which exhibit a compound stractnr^ 

Sixth, Cumulo-SlTaliis. — A cloud in which the structure ot the 
ccmulus is mixed with that of the drm-stratus, or cirro-cumulos ; 
the cumulus flattened at the top, and overhanging its base. 

Seventh, JVim6a». — A dense cloud spreading out into a crown of 
drrus, and passing beneath into a shower. 

The above cla^fication is so minute and comprehensive ihul it 
must necessarily include most clouds ; yet, when we examine these 
ttbadowy beings carefully with our own eyes, we see several that do 
nut seem to belong to one of tlie seven classes more than another ; 
and we are mistaken i^ in very tempestuous weather, clouds taaa 
not sometimes be seen which cannot well be referred to any of '" ~ 
witbout some assistance from the fancy. 

The clouds are generally assigned to three stmospber ^ 
viz.; the upper, the middle, and the lower; and to these a fourA.1 
sometimes added, viz. : the lowest 

To the upper regions bislong the drrus, otherwise called eurl-el 
and ffrai/ mare's tail, which has the least density, but the gre^l 
bwgbt, and variety of shape, and iivactwiu. Tii\a dcM-i is 
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ered the first indication of serene and settled weather. It first shows 
itself in a few fibres, spreading througli the atmosphere, and these 
fibres by degrees increase in length, and new fibres attach themselves 
to the sides. It is also considered the first indication of wet, after a 
continuance of dry or clear weather, and api>eiii's as a white streak or 
thread stretched across the sky, the ends lost in the horizon. The 
cirrus does not last longer than a few hours, and sometimes only a 
few minutes. 

The middle region is the seat of the cumukis, which is generally 
the most condensed cloud, and moves with the stream of air nearest 
to the earth. The humidity becomes collected, and shows itself in 
masses rising conically, and resting on the third region. The appear- 
ance, increase, and disappearance of the cumuUis in jiiie weather, 
are often periodical, and correspondent to the degree of heat. It^s 
properly a day-cloud, and generally forms itself a few houi-s after 
sunrise, attains its highest degree in the hottest hours of the after- 
noon, and decreases and vanishes at sunset. Great masses of cumu- 
lus, during high Avinds, in the quarter of the heavens towards which 
the wind blows, indicate approaching calm and rain. Tlie cumulus 
is formed in small specks of cloud, which are white spots at fii-st, and 
arise firom small gatherings of the stratus or CNening mist, wliicli, 
rising in the morning, grows into small masses of cloud, while the 
rest of the sky becomes clearer. About sunrise these clouds increase 
in number and size ; two or more unite, till a large cloud is formed, 
which, assuming" a cumulated and irregularly hemispherical shape, 
has received the name cumulus. Towards evening it separates into 
small fragments and evaporates, giving place to the stratus or fall- 
doiuiy which is the cloud of night. Cumuli which occur during in- 
tervals between showers, are more fleecy and variable in form and 
color. Sometimes they are blackish or deep black, and may at any 
time increase and obscure the sky, and assume the form of the twain 
cloud or cumulus stratus. The cumulus is the cloud that assumes 
so many forms of majestic beauty at sunset, and reflects so touchingly 
the last smile of the de])arted luminary. 

The stratus or fall-cloud, includes those fogs and creeping mists 
which, towards evening, fill the valleys and disappear after sunrise. 
Frequently, as soon as the sun has set, there is formed a white mist 
near the ground, which increases in density till midnight, and disap- 
pears after sunrise. In Avinter it becomes more dense, and sometimes 
lasts several days. The stratus may be distinguished from some vari- 
eties of cirro-stratus which resemble it, by the circumstance that the 
latter wets every object which comes in contact with it. The stratus 
remains quiet and accumulates layers of vapoi-s and nebulre, till at 
last it falls in rain. The horizontiil layers some times rise hi^he,t t\\asL 
at others. 
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The phenomenon of the dissolution of clouds into Tain, is called 
nimhus. The lower region of the clouds, is that which is nearest 
the earth. The cloud to which this re^on belongs, is the nimbus — 
a cloud which alwap precedes the fall of rain, snow, or hail. Any 
of the other clouds may obscure the sky without producing rain, but 
this scarcely ever does. 

In a cumulus that consists of conical and convex aggregations, 
which increase from a horizontal basis upwards, when the upper or 
dry region predominates, the cumulus cloud becomes a cimis ; when 
the lower region prevails it becomes a stratus, which is the accumu- 
lation of vapors that, by condensation, are changed into rain drops, 
and these becoming, by their number and weight, too heavy for the 
atmosphere to sustain, then Nimbus ascends his throne, and often, 
with the swift-Annged lightning and the thunderbolt for his her- 
alds, slowly unfurls his sable standard, and dashing the sunbeams 
from his path, pours out his treasures to enrich the earth ; and hav- 
ing fulfilled the commands of Deity, majestically retires, bearing in 
his train the glories of the rainbow. 

Among the aqueous meteora there are some which were once 
considered as miraculous, but which more accurate observation has 
entirely divested of their supernatural character. Such are showers 
of blood, which take place when the rain water draws with it a great 
number of certain red insects, which float in the atmosphere, or 
swarm on the earth. In May, 1646, there rained at Copenhagen a 
kind of substance, which was thought to be minerjil sulphur; 
but when the same phenomenon recurred in May, 1804, noth- 
ing was discovered but a vegetable substance, in the precipitated 
matter. The phosphorescence of this substance, at the moment of 
the rain, which fell in the night, presented an alarming spectacle. 
Other examples prove, that sulphureous showers are, in general, 
nothing but the fall of a vegetable powder, taken up by a water-spout 
or a hurricane. This phenomenon has sometimes lifted and carried 
to a great distance, sheaves of corn, as well as animals of small size, 
such as locusts, toads, &c., which, on falling to the earth, have caused 
alarm and amazement. 

The most frightful phenomenon of this description, a shower of 
fire, has been twice observed by a celebrated naturalist, who declares, 
that he saw nothing more than rain, very strongly charged with elec- 
tricity, and which sparkled on touching the ground. The November 
meteors, also, present the appearance of terrible showers of fire. 

§ IX.-TVlI.IOHT. 

The faint light diffused through the atmosphere by the sun, be- 
^re lis rise, and afiber its setting, is occasvone^Vj \k<b ^JboxQis^liere re- 
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fhwting the rays of the sun, and turning them down on the unillu- 
minated parts of the earth. The morning twilight begins, and the 
evening twilight ends, when the sun is about 18 degrees below the 
horizon. When the sun Ls below that point, the smallest stars are 
ATsible to the naked eye, or it is entirely dark. The duration of the 
twilight is various. In the equatorial regions it lasts, during the 
equinox, one hour and twelve minutes, and increases as the sun re- 
cedes from the equator. At the Poles, where there are six months 
day, and six months night, the twilight continues about two months ; 
so that a great part of the half year's night is illuminated. It is 
doubly useful, since it shortens the night, and prevents, at the same 
time, the injurious effect upon our eyes, of the sudden change from 
light to darkness. And here we cannot help observing, and being 
touched by a sense of the imceasing and exquifite tenderness, as well 
as wisdom of the benevolent Parent of the univei*se, in thus con- 
sidering the feeble estate of man, and adapting every part of creation 
to his most minute requirements, and in blending the charms of 
beauty with the excellence of utility. The brilliant tints which ac- 
company the rising and setting of the sun arise from this circum- 
stance, that the air, towards night, and in the morning, is consider- 
ably condensed, and loaded with a variety of vapors. The very re- 
frangible rays seldom or never reach us. The red and yellow have, 
alone, inflexibility enough to penetrate through the atmosphere, and 
to render the vapors and clouds so many movable mirrors. This is 
the reason, then, why the sun appears so often to be red, morning 
and evening. 

The twilight is shortest at the equator, because the sun rises and 
sets perpendicularly ; and it gradually lengthens as we recede from 
it, because the sun rises and sets more and more obliquely. The 
twilights are shortest at the equinoxes, because the sun there moves 
in a great circle, and therefore has a more rapid diurnal motion ; and 
the twilight afterwards increases, because he moves day by day in a 
smaller circle, till the solstices, when it again begins to contract. 



§ X. — Parhelia and Rainbows. 

Parheha, or mock suns, are phenomena not veiy common. We 
see by the side of the sun, often above and below, several images of 
that luminary, more or less bright. These false suns are sometimes 
surrounded by a circle of pale light, sometimes adorned by the colors 
of the rainbow ; most commonly, they are not exactly circular, and 
some have been observed with luminous trains. This meteor has 
liever been seen at the same time in a numbex oi ^\%\iMi\»^"!vRi^\---^'^ 
eodubjts a different appearance, even to a^^tatoc^ ^\iQ ^^ t^^^'ssl \i^ 
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each other. It is, therefore, an optical illusion. As it snows gen- 
erally at the very time when a false sun appears, it is supposed, that 
the circuhir iinagL* of the sun is reflected by the little cylinders of ioa 
of which snow is coiniwsed. The rap jmbs, probably, through an 
o}>ening lx:tween thick clouds, as one lets £idl the solar image in 
a camera obscura. This explanation, however, is not very satisfiio- 
tory, although no better lias ever been given. But there can be no 
doubt the phenomenon is explicable on ordinary optical principles. 
It is not contined to the sun : for, mock moons occasionally present 
them-iclves. These illa-^ions can take place only when the sun, being 
distiiut from the z-.*nith, darts its rays obUquely upon the atmosphere. 
Accordingly, almost all the parhelia occur either in the morning or in 
the evening. False suns are often observed in countries where a 
(Lunp, Cold atmosi^iwe prevails. They are frequent phenomena in 
Greenland. 

The rainlx)w has a near affinity to parhelia, and often accompanies 
them. Every one knows that tliis magnificent arch, so wonderfully 
colored, is the effect of the solar rays refracted and reflected by drops 
of water suspended in the air. The spectator's eye must always be 
rinrht between the sun and the rain. We must refer our readers to 
treatises upon Optics, for a particular explanation of this phenomenon. 
We shall only remark, that the inner and brighter bow is produced 
by rays which fall on the upper side of the drops, and are twice re- 
fracted and once reflected, while the outer and fainter bow is pro- 
duced by rays which fall on the lower side of the drops, and are 
twice reflected as well as twice refracted. It is feiinter, because a 
great deal of the light is lost by every reflection. 

Wh5t is termed the a])otlieosis of travellers, is a phenomenon 
much hke thfit of the rainbow. The Academicians, Bouguer, Godin, 
and La Condiunine, when standing upon the very high mountains of 
Painbamarca, near Quito, saw their own images in a veiy light fog, 
surrounded by several concentric circles, ornamented with the colors 
of the rainl>ow. The spectre of Brocken is an optical image of the 
same kind. It seems to be simply the jx^rson's shadow caught on 
the cloud, and fringed with the circles and colors derived from the 
difiraction, or deflection, of the extreme rays. 



§ XL — The Mirage and Zodiacal Light. 

Tlie mirage, or appearance of objects which are not actually in 

the horizon, or which exist there in a different situation, is one of 

tlie most remarkable of optical illusions. At sea, rocks and sands 

concealed under the water, appear as if they were raised above the 

Bur/hce, 
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The Swedish sailors long searched for a pretended magic island, 
■ whicli, from time to time, could be descried between the Isles of 
Aland and the coasts of Upland. It was a rock elevated by the 
mirage. At one time, the English saw, with terror, the coasts of 
Calais and Boulogne apparently approaching the shores of their 
island. Vessels sometimes present themselves to view as if they 
were upset, or as if sailing in the clouds. The most celebrated ex- 
ample of this phenomenon, is the Fata Morgana, which is frequently 
seen in the Straits of Messina, and which the people attribute to the 
fairy queen. Morgana. The spectator, standing on the ItaUan coast, 
perceives, it is said, upon an inclined plain, formed by the waves 
driven towards the middle of the strait, images of palaces, embattled 
Rimparts, houses, and ships, — at one time turned upside down — ^at 
another, confusedly set up again, and presenting the spectacle of 
towns and landscapes in the air. But Captain Smyth, in his Memoir 
on Sicily, says he never met Avith a Sicilian who saw anything more 
than an unusually strong loom, or mirage ; and there can be little 
doubt the real phenomenon has been exaggerated. Of all the 
effects arising from this cause, that which has been most thoroughly 
examined, is the optical illusion which the French experienced in the 
desert, in the vicinity of Egypt ; the sandy plain, covered in the dis- 
tance by a thick vapor, presented the deceptive image of a vast 
lake, towaids which they eagerly hastened, but which appeared to 
fly before them. All these phenomena are owing to an extraordinary 
refraction of the rays of Hght by the lower strata of the atmosphere. 

The zodicuxd light deserves our particular attention. This is a 
grand phenomenon, which was formerly referred either to the nature 
of the terrestrial atmosphere, or to the position of the globe with 
regard to the sun. But it is now certain that it is totally ultramun- 
dane, and probably a solar phenomenon. This light presents itself 
after sunset, under the appearance of a serene, whitish clearness, of 
a lenticular form, having its base turned towards the sun, and its 
axis in the zodiac Mairan has suppased that this light was the at- 
mosphere of the sun : but this explanation was totally rejected by 
La Place, although his rejection was based on a supposition which 
may not hold good, viz. : that a solar atmosphere must obey the .'aw 
of gravitation. We presume it is nothing but a peculiar modification 
of the ethereal fluid, caused by the intense light and heat of the 
sun. 



§ Xn. — ^Thunder and Lightning. 

Among igneous meteors, lightning occupiea t\v^ fe«k\i t«£^ '^^i»\6» 
known to ho tbo effect of the moveinenta ot iiYtic^xvjaXjj^^^ ^^^^s^ 
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of which must be studied in philosophic^ treatises. It is developed 
by the passage of water from the form of steam into that of rain, 
and hence it is apt to play when heavy clouds form suddenly. It is 
the effect of changes dependent on heat, and not their cause, as some 
have represented. It is^ also largely generated when water assumes 
the form of steam ; and hence it is often seen in incessant play before 
dry weather, as well as before storms. It is not seen when water 
changes its form slowly, because the fluid moves in such small quan- 
tities as to produce no flash. The electric fluid is quite invisible ; it 
is the suddenly compressed air alone we see. Thunder is simply the 
noise due to the motions of the electric fluid, and does not differ from 
the report accompanying the discharge of an electric machine except 
in being much louder, and consisting of a succession of reports so 
closely following each other as to produce a continuous peal. Tlie 
discovery of the identity of lightning and common electricity is due 
to Dr. Benjamin Franklin. 

The number' of lives lost every year, owing to ignorance of the 
laws of electricity, induces us to say a word regarding the course 
which ought to be pursued during thundernstorms. Tlie practical 
rules on this subject may be reduced to two brief precepts. Ist. 
Keep away from conductors — such as metals and fluids, which in- 
clude most conductors, while almost all dry animal and vegetable 
substances are non-conductors,* such as wool, cotton, wood, glass, 
and wax, and also brick or stone walls. 2d. JDo not become a prime 
conductor. This you will be apt to do whenever you are so situated 
that the fluid is apt to strike your head first, as when you are on high 
ground and water is below you. The position of safety is when one 
is surrounded by conductors so that the fluid is sure to strike one or 
other of them first, and yet not so hear any of them as to be in 
danger of being struck by the charge which may pass through them. 
The conmion practice of standing under a tree during a thunder 
storm, has cost many persons their lives. With regard to hoases, 
they may always be effectually secured against damage from ,%ht- 
ning by the proper application of a sufficient number of proper rods. 
But we reprobate the opinion of some, who seem to think that one 
rod, of any sort, anywise placed, is quite sufficient to secure a build- 
ing of any size. Yet there is not on record a single instance where 
rods failed, when anjrthing like due care had been used in regard to 
them. 

Thunder is rarely observed in polar regions ; it is only a weak de- 
crepitation. As we advance towards the equator, thunder-storms 
gradually become more violent. The cause of this is obvious from 

* It is underfttood that they have not been bnmt: for charcoal is a good 
xaductor; and many a liouse has been destroyed by the fluid being conveyed 
7WB the chimney by iho soot. 
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what we formerly said of the amount of rain which forms in the va- 
rious zones. 

Storms, notwithstanding the calamities whicli they sometimes oc- 
casion, deserve to be considered as one of the greatest benefits that 
our Creator has bestowed. They diffuse fi-eshness through the at- 
mosphere when it is in a confined and sultry state — the phmts re- 
sume their Kvely green — ^the flowers raise their drooping heads when 
their thirst has been quenched by the rain — the crops and fruit, pene- 
trated with new warmth, ripen more rapidly — and the atmosphere 
liiat was clogged with impurities, becomes clear and bright. 



§ Xm. — ^The Aurora Borealis. 

The aurora borealis, so often described by Ossian, the great Scot- 
tish bard, presents a spectacle equally magnificent and astonishing. 
In these bloodnstained and fiery meteors, what poet is there who 
could not discover the shades of warriors, who, once conquerors of 
the earth and now imaginary rulers of the air, stoop from the clouds 
to behold the combats of their posterity. And were not those pale 
and soft lights the daughters of heroes, who, cut down in the early 
bloom of their beauty, now floated upon the wings of the wind ? 
We hear their sighs, and the rustling of their resplendent robes, and 
we see rising towards the zenith, and assembling on every side, the 
luminous columns of the wandering palace of departed spirits. Such 
are the glowing fencies of the poet of the North, growing out of the 
rich hues and varied grandeur of the northern lights, which no fa- 
miliarity can ever render less brilliant or touching, and which is well 
calculated, by its ennobUng influences, to elevate the mind of the 
beholder to the sublimity of poetic conceptions. 

The aurora borealis, in European countries, uniformly appears in 
the north, inclining a little to the west. In Greenland, it sometimes 
appears towards the south. It is observed also in the other hemi- 
sphere, but with a feeble lustre, in the direction of the South Pole. 
Though frequently seen in the temperate zone, it is more common in 
the Arctic regions, where its light sometimes equals that of the frill 
moon. It generally begins to appear three or four hours aft;er sun- 
set, and is often j^receded by a dark cloud nearly resembhng the 
segment of a circle, of which the horizon forms the chord. 

This segment, at Upsal, is a deep black ; in Lapland it is grayish, 
or becomes almost invisible. Its circumference soon borders upon 
a whitish light, which sometimes seems gently to expire. Most fre- 
quently, the cloudy segment opens in chinks, or cre^^ces, whence 
laeue streams and rajs of light of a yeWow, a TQe>(i, a ^>\r^<$i.^ est ^ 
greeiL A general movement agitates a\\ \\i<a dcwA^ «sA «»!■ 



lightened space ; rays, becoming more and more bright, shoot 
each other, like lightning flashing in the midat of effiilgent spli 
Occasionally, all the luminous matter arranges iteetf in a circle, whifib~ 
has always the magnetic Pole for its centre. Sometimes there ii 
formed in the zeoith. a luminom crown, which seems to be the aeO' 
tral point of all the motions of the luminous matter. After baring 
occupied, for the spuce of an hour or two, almost the whole espaiue 
of the heavena, the phenomenon contracts itaelf, at first on the south- 
ern aide, afterwards on the east and west, and finally it diaappean 
towards the north. The rising aun invariably eitinguishea these 
rival luminaries. 

The further we remove from the Pole, the less distinctly do wa 
perceive these difibrent appearances of the aurora; and in fiance, it 
generally appears like a light not much elevated above the horizcm, 

Difierent explanations have been given of this phenomena. 
That of Libes, who attributed it to dectridty passing through a 
misture of oxygen and nitrc^n, is now univereally reject«d, and 
even deemed absurd. Everything indicates, however, tjiat it is an 
electric phenomenon. During iU continuance, the magnetic needle 
b generally disturbed, and someldmea violently agitated ; the air is 
at the same time highly electric. Again, if a long glass tube be 
partially exhansted of its air, then closely stopped, and applied to 
Ihe prime conductor of an electric machine, the whole tube becomes 
luminous, and continues so for some time after it has been removed 
from the conductor. If after this the tube be drawn through the 
hand, the light will be remarkably intense, through its whole length ; 
and if it be grasped with both han(&, near its extremities, strong 
flashes of light will dart from one end to the other, for many honra, 
without the tube being again brought near the conductor. Tie 
aurora is, therefore, probably cansed by currents of electricity, flow- 
ing through the upper regions of the atmosphere, parallel to the 
meridian. 

This meteor is of great use in the northern regions, where it 
greatly assists in dispeUing the gloom of the very long winter night ; 
and it is remarkable that it is most brilUant and frequent exactly in 
thoae countries where it is most serviceable. 



|. § XIV.— Tea Halo and lasia Fatdob. ■ 

The Sola is a broad drcle of nearly uniform diameter, being' >]•' 

wa^ about 45^. It appeara in a thin cloud, or in a haze, around 

the sun or moon's disc. Thoae round the sun are marked with ran- 

bov colors, though fainter ; the lunaT haloes are generally whit(i» 

^ but have aojitetinios a pale red Enngij touiiA 'iiife toum eii 
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"''^iiieB a second halo is seen, concentric with the former, but much 
lai^r, being about 90° in diameter, with fjiintx?r colors, and less lu- 
minous. These phenomena are attributed t<:) the refraction of light 
by small prisms of ice, floating in the upper regions of the atmos- 
phere. 

The Corona^ or crown, is a smaller circle than the halo, being 
scarcely ever more than 12^ in diameter, and there are generally 
three or more concentric nngs, differently colored. They are attrib- 
uted to the deflection of light in passing by the rain globules in the 
atmosphere. This phenomenon is popularly thought to prognosticate 
nun ; but it is often seen in light fleecy clouds which are the harbin- 
gers of fair weather. 

St. Elmo's Fire is a faint light which seems to adhere to the 
points of bodies carried swiftly through the air. It appears on the 
tops of ship masts, and the points of warlike instruments, when in 
motion. It seems to be only tlie escape of electricity, produced by 
the friction of the air against the moving body. A single flame of 
this sort was called by the ancients, Helena^ and when double, Castor 
and Pollux, An individual travellinoj through the lead mines in 
Scotland, observed his fingers, s>vitch, and the ears of his horse, 
ornamented with lights of this description, during wet weather. A 
Swedish naturahst observed the same durinor snow. 

Animal substances, in a state of putrefaction, sometimes emit 
phosphonis, which, burning slowly from the contact of the atmos- 
phere, produces light and wandoring flames. Such is probably the 
origin of the Ignis Fatuus, which flutters at night over chiu-ch-yards 
and fields of battle, and which has given rise to pretended appari- 
tions of spirits in churches, where it is the pernicious custom to ac- 
cumulate the remains of the dead. 

Hydrogen gas is often combined with phosphonis. This mixture 
not improbably gives rise to those ignes fatui which are said to lead 
unwary traveller over bogs and marshes, until it leads them to some 
ditch or pit The gas is probably disengaged from marshes, or damp 
and low spots of earth. Ignes fatui, arising from the combustion of 
tliis phosphureted hydrogen, are necessarily soon extinguished. But 
a succession of tliase fires, will appear to the si)ect'itor to be but one 
single flame, which moves with rapidity from place to place, and flies, 
or seems to fly, as he approaches it. The air driven on before him, 
forces the lambent flame to recede. 

There are other similar fires, which appear to be immovable when 
seen from a particular spot. There was one near Rettwick, hi Swe- 
den, which, on being examined, was found to ])roceed from a cavern 
filled with pyrites and petroleum, the combustion of which had oc- 
casioned the phenomenon. 

In Bome places, a continuous current o? \\y ^Tcy^vci^'^cycv^ ^jass^ ^"t 
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phosphureted hydrogen, rises from the earth. An instance 
kind occurs in tlie department of Isero, in France. The disengage- 
ment of inflammable gas during tlie summer is so considerable, that 
we continually see a fiame rising seven feet from the surface ; ancb J 
travellers, on first seeing it, think that the whole village of St. BaiSt ; 
tholomew is on fire. In other places, carbureted hydrogen issooi 
from the earth, and burns steadily, like ordinary lamp gas, when a 
flame is applied to it At the viQage of Fredonia, in New York, a 
jet of this kind serves to illuminate the houses. Naphtha answers a 
similar purpose at Baku, on the Caspian Sea ; and the sacred fire of 
the Guebres is nothing but a naphtha spring, kept constantly bum- 
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§ XV. — Shooting Stars and Fire-balls. 

Falling, or shooting stars, are appearances everywhere observed. 
Some consider them the effect of the combustion of hydrogen gas, 
more or less sulphuret^d ; for phosphorus is too rapidly inflamed by 
the contact of the air, to be capable of attaining so great an elevation 
before burning. But, since the great elevation of most of them has 
been discovered, this hypothesis has been abandoned : for it is evi- 
dent they are of ultra-terrestrial origin. The average height of 381, 
(observed at Geneva and Plachettes, by several astronomers, on the 
10th of August, 1838,) was 550 miles ; and their average velocity, 
240 mil^s per second. The phenomenon of the celebrated Novem- 
ber meteors, which have been so often observed at the same time of 
the year, indicates that there are certain bodies moving round the 
sun, besides those generally visible. To this class the November 
meteors, and many other shooting stare, probably belong, and they 
owe their brightness to the violent concussion with our atmosphere. 
The showers of aerolites, or air-sto:ies, that have so frequently fallen,* 
were, probably, nothing but groups of these, which came within the 
sphere of the earth's attraction. But some shooting stars cannot well 
be referred to this class : for, as they shine within the earth's shadow, 
and far above the atmosphere, they must bo luminous ; and their 
velocity Is much greater than consists with the supposition of their 
having planetary motions. We must, therefore, consider them rovers, 

* Aerolites are all similar in appearance and composition, liowever much 
they may differ in size and shape. They are composed of silica, magnesia, 
sulphur, metallic iron, nickel, and some traces of chrome. The nickel is want- 
ing in a few specimens. It is remarkable that metallic iron, nickel, and chrome. 
Jire never found on the surface of the earth, except in aerolites. Externally 
they appear black, as if they had been exposed to the heat of a furnace : ii^ 
temally they are of a grayisdx white. Their ft^^edflc gravity is from Sk to 4. 
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itBf some of which wander indefinitely far from the sun, and 
lieiSy perhaps, never cross our path a second time. 

^ire-ballSj bolides^ or Jleri/ meteors^ present a spectacle more im- 
iiosing than common shooting stars. They are sometimes seen of an 
immense size ; their light is occasionally red, but ofkener of a A'i>id, 
duptling whiteness, like the flame of zinc, mixed with nitre. Yet 
they seem to differ from the other meteors only in being larger, or 
perhaps nearer ; and the same description will apply to both. 

We see those meteors, often in the space of a few seconds, appear to 
traverse the horizon, blaze hke fire-works, tlien break in pieces, and 
discharge torrents of flames, with a detonation that shakes the air 
and the earth, at the moment of their explosion. There are some, 
which are precipitated like a thunderbolt, break through the roofe of 
houses, destroy animals, and dismast vessels, and shatter them. At 
other times they move over the earth hke a whirlwind of flame, set 
fire to trees, and devour, or at least overthrow everything that ob- 
structs their course. But such occurrences are only rare exceptions : 
for they generally pass without doing any injury. 



§ XVL- — Magnetic Phenomena. 

When two magnets, or loadstones, are presented to each other, 
they are mutually attracted at one end, and mutually repelled at the 
other. When suspended on a pivot, they constantly turn their two 
points towards the two poles of the world, with some deviation : 
they communicate, by contact, this power to bars and needles of iron 
and steel, — to the former momentarily, to the latter permanently. 
This j)henoraenon of the direction of magnets was formerly ex- 
plained, by supposing that the globe itself is a great loadstone, which 
exercises its magnetic force upon all bodies, more or less sensibly. 
But siacQ Oersted's discovery of the effect of an electric current upon 
the needle, new light has arisen on the science of magnetism ; and 
it has been found that the polarity of the needle is caused by a cur- 
rent of electricity, constantly flowing from east to west, tliis current 
being caused by the successive heating of the earth by the sun, as it 
turns on its axis. The needle turns itself always at right angles to 
the current; and 'as the various parts of the earth's surface are not 
heated equally every year, the current slightly changes its direction ; 
and the needle always keeps perpendicular to this direction. The 
cause of tlie current turning the needle at right angles to it, is, that 
there is another current incessantly flowing round the needle ; and 
the one interferes with the other, (Hke two confluent streams of water 
which run in different directions,) so that the needle swings round till 
Oia action of the earth^s current on eac\\ oud ts> ec^vvvA, Tv>kfe ^^^3s^«r 
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tions and repulsions of mafrnets, also, are due to their electric cm>' 
rents. l>y causini; an electric current to pass through a coil of cop- 
per wire, supjx)rtcd on a cork in water, it immediately becomes a 
perfect magnet.* The needle always turns to the magnetic }x>lefi, 
one of which is in liootliia Felix, lat. 70"* N., long. 97° W^ the other 
is in Victoria Island, lat. 70^ S., long. 162^ K These points seem 
to be those of greatest cold, in each hemisphere : for, magnetic phe- 
nomena are ultimately dependent on heat, — a more constant and 
powerfiil agent than electricity. The gradual and periodital changes 
in the direction of tlie needle indicate a regular cycle in the seasons — 
a tiling often sup^:t>sed, but not yet satisfactorily shown. The angle 
that the axis of the ma<nietic needle makes witli the meridian of a 
place, is termec! its variation, or declination. It is eitlier east or 
west, and varicvin different parts of the 'globe, at different times of 
the year, and even at different hours of the day. These diminutions 
and augmentations vary periodically ; and the variations are very 
considerable. At London, the declination was 1 1 degrees, 15 minutn 
east, in 1580 ; in 1657, the needle pointed directly north ; in 1692, 
it already indicated 6 degrees of western declination; and in 1796, 
it amounted to 21 degrees. In 1666, there was none at Paris; and 
in 1795, it amounted to 22 degrees, 30 minutes, towards the west 
We find upon the globe a number of spots in which there is no dec- 
lination ; but these belts without declination change their ix>sition 
every year, llencc^ wo are ol)liged to revise magnetic maps every 
10 or 12 years. 

The diiu*nal oscillations are also considerable. The greatest is in 
central Europe, where it is 14 minutes. At tlie equator, ihey are 
only 3 or 4 minutes, but they occur with great regularity. The 
needle is generally at its mejm position at 8 A. M., and is at its 
greatest westerly deviation at 1 or 2 P. M. 

The inclinaiion or dip of the needle consists in its alwap as- 
suming a position parallel to that of the magnetic axis of the earth, 
or the line joining the two magnetic poles. Under the equator it 
supports itself nearly in a horizontal position. The circle where it 
docs so exactly, is ];)artly south and partly north of the terrestrial 
equator, and termed the mag^ietic equator. It, of course, devi- 
ates more and more from the horizontal position, as it approaches 
the magnetic poles ; where it assumes a vortical position, and of 
course becomes useless to the mariner. All the phenomena can be 
imitated by taking a hollow si)liere, with a very powerful magnet in 
its axis, the effect of the ten*estrial current, of which we have 

* The celebrated De la Rive invented a contrivance by whicli this may 
be shown instantaneously : it is sold by niatliematical instrument-makers under 
the nume of J)e la Rive 9 JUng. 
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spoken, bemg to make the earth in fact a hnge magnet The force 
with which the needle is moved varies greatly in different parts of 
the world, and is not constant at any place. Tlie position of tlie 
points of maximum force or intensity is very irregular and inex- 
plicable. One is at present south-west of Hudson's Bay, and an- 
other in the South Atlantic in lat 20"* S. and long. 36° W. 

Gay Lussac proved by a balloon excursion that at an elevation of 
21,600 feet, the declination and intensity were the same as upon the 
earth's surface. 

The circle which coincides with the vertical plane, passing through 
the direction of the needle, is called the magnetic meridian. The 
magnetic equator deviates in the Pacific Ocean from the terrestrial 
equator, about 12^, and this is at present their greatest deviation. 
Lines in which the declination is equal are called lines of equal 
variation ; and those where the dip is equal are called lines of Cv^^ual 
dip. Magnetic storms sometimes occur, when the needle is violently 
a^tated. One of these happened in 1841, and seems to have been 
general all over the world. These commotions are never of long 
duration. They are probably owing to changes which take place 
deep within the e^rth. 



PART 11. 

ANEIklGGRAPIIY, OR DESCRIPTION OF THE WINDa 



§ I. — Classification of Winds. 



Thk atmosphere experi^ces agitations which displace its parti- 
eles in every direction, and which all depend on a single cause, the 
interrqpiipn of its equilibrium, the restoration of which necessarily 
takes place in conformity with the laws common to all fluids. A 
change in the temperature of a column of air, the transformation of 
a portion qf the atmospheric gases into water, their congelation, 
in a word, 'vhatever causes a vacuum, a condensation, or an expan- 
sion, and consequently destroys the equilibrium existing among the 
difierent parts of the atmosphere, necessarily produces th^ TO.^vi 
diq>lac e nient of a mass of air, that is to say, a mnd. Tt^a^wa.^ 
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may be classified on various principles. Their velocity being tlie 
circumstance most palpable to our senses, has given rise to die 
following classification; the velocities given being detennined by. 
Bmeaton, the celebrated engineer, fix>m many facts and experiments. 

Appellation. Velocity per Hoar, 

Very fight, 1 mile. 

Gentle, 4 miles to 5 

Brisk gale, 10 " "15 

Very brisk, - . 20 " "25 

High wind, 30 " « 85 

Very high, about 40 ** ' 

A storm, " 60 ** 

A great storm, ** 60 " 

A hurricane, " 80 " 

A violent hurricane, ... ** 100" 

The direction of winds is not designated like that of marine col- 
rente by the point of the compass to which they tend, but by the 
point from which they come ; thus a northerly wind is directly 
contrary to a northerly current. 

AVith regard to duration, winds are distinguished as constant and 
variable; with regard to extent, — as general and partial. Two 
general and constant movements exist in the atmosphere ; the one 
prevails chiefly in the torrid zone, and carries the air westward with 
respect to the earth, and in a direction conformable to that of the 
general movement of the ocean ; the other, which is principally felt 
in the other zones, carries the polar air towards the equator, and by 
this means produces two polar currente or efl3uxes similar to those 
already pointed out in the ocean, the causes being in both cases pre- 
cisely the same. 



§ 11. — Constant, or Trade-Winds. 

We shall first consider the trade-winds, or those constant east 
winds which blow within 28° of the equator. The primary cause 
of the trade-winds is the expansion which the air undergoes from 
the action of heat ; for the sun must evidently by ite heat rarefy the 
air within the tropics much more than it does that beyond them. 
The equilibrium of the atmosphere being thus disturbed, the denser 
and heavier air flows in from the colder regions to restore it. The 
currente have an apparent westerly motion precisely fike the marine 
currente ; and as die same explanation appfies to both phenomena, 
we need not give any particular explanation of that now under dis- 
eussjon, as it would be merely a Te][^t\t\on of ^hat we formerly said. 
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The trade-winds are divided into southern^ or those that blow south 
of the equator, and northern^ or those that blow north of the equator. 
The former extends from about 3^ N. hit. to 22^ S. in the Atlantic, 
24° in the Pacific, -and 27° in the Indian Ocean. Towards its south- 
em border, it blows from the south-east ; hence some call it the 
south-east trade-wind. As it approaches its northern hmit, it becomes 
more and more easterly. The northern trade-wind extends from 
about 9^ N. to 28° N. in the Atlantic, and 25^ N. in the Pacific. 
Its direction is at first north-east, whence it is sometimes termed the 
north-east trades, and it becomes more and more easterly as it ap- 
proaches its southern limit. The trade-winds blow regularly out at 
sea : for near land, mountain chains, and the great heat produced 
by the strong reflection of the sun's rays from the land, often inter- 
fere with their direction. On the open ocean they generally blow 
steadily ; so that it has been said if there were a strait at the Isth- 
mus of Panama, a voyage to China could be performed much quicker 
by sailing westward across the Pacific, than by sailing eastward 
against these winds. In sailing from Acapulco to the Phihppines, 
ibe Spaniards simply allowed themselves to be carried westward by 
the trades and the equatorial current, to the place of their destina- 
tion : and this is said to be the reason why they navigated the Pacific 
BO long without discovering any of tliose islands near which they 
most 80 often have sailed. 

During the day, and in summer generally, the land reflects much 
more heat than the water, while the latter frequently gives out more 
heat during the night, and in winter. This is the reason why the 
breadth of the trades is greater in the Atlantic and Indian Oceans, 
than in the Pacific, whose wide watei-s absorb an immense amount 
of solar heat, part only of which is returned by radiation, the rest 
becoming latent in the water evaporated, and passing off" in the equa- 
torial oceanic current and its branches. For the same reason, the 
course of the trades in the eastern part of the Pacific Is more unifomi 
than in the Atlantic. On the coast of Africa, for example, from the 
equator to 10^ N. lat., and from about 10^ to 25^ W. long., south- 
westerly winds are the most prevalent. The breadth of these winds 
becomes gradually greater as we approach the coast ; and hence we 
may conclude they are nothing but the trades turned in a north- 
easterly direction by the extreme rarefaction of the air produced 
above the burning sands of the Sahara and the arid Kong Mountains. 
But as the heat of these regions is sometimes greatly moderated by 
heavy fells of rain, we need not bo suri)rised to learn that that part 
of the South Athmtic where these winds prevail is very subject to 
h<nvy squalls and thunder-storms, with intervening calms. 

As the northern and southern trades approach, Ilia Cii\fe \\s. ^. sgL^^*^ 
eawBxae neutralizes tlie other, and calms "preiN^t^ ONCt ^ xw^sj. <^\ X? 
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or 6° in breadth. This ia termed the calms, or variables; and in tlie 
neighborhcKKl of land it is subject oceasionally to squalls, heavy raina, 
and thunder-atornw, vhicli geuerally pass off very rapidly. Owing 
to the prevaleDce of land in t!ie northern henii.<phere,<ts centre, 
wliich may be considered the boundary line of the two trade-wbda, 
is nortt of tlie equator. It runs &om about 3" to 12' N. laL 
When the enn is vurtical north of the equator, the regions immedi- 
ately under it have the air most rarefied. Ilencc, as he advances 
from the southern to the northern tropic, the centre of the variables 
moves from about the 3^ to the 12° of N. lat. WLen the aim turns 
south it mores the other way, the outer limitE of the trades haVi^ 
a correspondiag MmulLaneoiis motion. The variables seldom extend 
Eouth of the equator, or north of kt T3' N. But their limits va)y 
from year to yeari The same is true of the trade-winds. Sometimei 
the northern extend to 32' N. Eat. during the summer solstice, fri 
other years, they do not blow beyond SO' N. The sonthem limits 
of the southern trade vary iu the same way, though somewhat less 
extensively. Around the external hmits of the trades, short calms 
occur ; but they are generally soon succeeded by squalls. 

When the polar currents have reached the equatorial regions, they 
become rarefied in their turn, ascend into tile upper regions, and flow 
back towards the Poles ahiive the usual trade-winds. These currents 
are sometinies called the upper trade-mitdg. They begin generally 
about 2^ miles above the sea levd. Their directJon is evident from 
that of the clouds, and sometimes the volcanic ashes whicli they con- 
vey ; and they are felt on high monntMns, Uke the Peat of Teneriffo. 
Tttdr general direction is easterly, hccause their easterly motion ia 
more rapid than that of the successive places to which they come. 
By the time they have got beyond the hmits of the lower trade- 
wmda, they are sufficiently cooled to displace the polar current, which 
now flows above, while that from the equator flows below. In tlia 
northern hemisphere, thdr eonree is north-easterly, and in the sonth- 
em hemisphere, south-easterly. They may be called the we^terlg 
trade-winds, in contradistinction from the tropical or easterly. Tlie 
particular point at which the upper and lower currents will exehango 
pteea, depends partly on the position of the sun ; and hence over A 
great part of the north tomjwrate zone, north-easterly winds blow 
genei'aUy at certain times of the year, and aonth-westcriy niudt fur 
most of the time. In the south temperate zone, a south-easterly 
wind blows, instead of the usual north-westerly. 

We can now easily imderstand why a voyage from the United 
States to northern Europe, is, on en average, ten days shorter dian 
one in the contrary direction. Wo can also underelnnd the reason 
&r the course adopted by vessela fvo\'n. northsm Europe on voyaj 
to the West Indies, On the o\\U-aT4 Y'«'s^p>,ft*'j'SKi.iKf«ft\Q' 
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Madeinis, to catch the easterly trades ; on the return passage, they 
sail north-west towards the Bermudas, till they fall in with the 
westerly trades. 

The particular place where the northerly and southerly currents 
exchange position, depends not only on the sun's position, but on 
particular local circumstances ; hence it is not at the same distance 
lifom the equator in every place, nor is it always uniform at one place 
every year. The zone within these limits is subject to sudden varia- 
tions m the direction of the wind, producing great and sudden 
' changes of temperature ; it extends from about tlie 35° to the 45° 
of latitude. In the northern hemisphere, the westerly trades prevail 
np to 60° N. ; in the soutliern hemisphere, tliey do not seem to ex- 
toid much beyond 55^ S. The course of the winds beyond these 
limits is not as yet well known. 



§ nX — Variable Winds. 

The inequalities of the earth's surface, and the diversity of its 
soils, have, no doubt, a powerful influence upon the direction of the 
winds. At one place, mountains, covered with perpetual snow, arise, 
and prevent the air from undergoing the same expansion as in the 
valleys : at another, burning sands produce an unusual degree of rare- 
fiiction. At a third, we observe large basins of water, surrounded 
and irregularly indented by land. The air must, therefore, suffer 
relative and partial condensations and expansions. Hence the sea 
breeze, the land breeze, and the mountain breeze. These changes, 
too, will occur differently, in summer and winter, during the day, and 
during the night Hence the morning and the evening breezes, 
whose refreshing breath reanimates us, in the warm season. 

The tropical islands, notwitLstinding their small circumference, 
have the air above them so much rarefied during the day-time, as to 
cause the general east mud to blow from all points of the compass, 
towards the central summit of the island, forming the sea breeze, 
which generally springs up in the forenoon. From its refreshing and 
reviving influences, it is termed, in many of the West India Islands, 
the doctor. Wlien night anivcs, the sea radiates more heat than 
the land ; hence, the air flows back again from the summit, towards 
the sea, in every direction, constituting the land breeze. These land 
and sea breezes are most j)revalent in the torrid zone ; but they are, 
by no means, confined to it. 

Chains of mountains may arrest winds in the lower regions of the 
atmosphere, or turn them from their direct path, and sonictimos give 
them more unixjtuosity, as marine currents iui(\u\rft ^e^tftt ^v^xoft, \cl 
Hie n&ghhorhood of stmts and promoutionoa. ^xijiv \\v^vt\&. Yft&iS^ 
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tnenta of the sir, wlien arrested by an obatscle, have given partjcular 
notoriety to Cape Horn and Uio Cape of Good Hope, and nuiny 
othere. \Vin?n 3 strong and sudden rarefaction of the air takes place, 
theM IB an outward current in all directions, genersllj followed by a 
Btrong current in the opposite direction. Of the former natnre is the 
wind that blows from the deserts of Africa and Arabia, termed 
wmoowj and mmiel in Arabia and Turkey; chamsin in Syria and 
Egypt; and harmaltan in Western Africa. This wind was formeriy 
supposed to be rendered peatilentia! by an intermixture of poisonous , 
gases ; but it seems to be entirely free from anything of Uiat kind. 
Its bad effeeta are attributable to its extreme beat and dr3ruess, and 
to the fine dust and sand mechanically sustained by it. In crossing 
the Mediterranean, it becomes surcharged willi moisture, and Ibrma 
the airoeco of the Italians, and the aolano of the SpaniardR, which 
produces languor and febrile irritation by its heat, and by stojiping 
the perspiration. 



§ IT.-Hi 

Hurricanes are produced by anything which causes an extreme 
degree of rarefaction, or an extensive partial vacuum in the air. They 
may, therefore, result from intense heat, or from the sudden forma- 
tion of a great quantity of rain. Anything, in short, which rapdiy 
and extensively deranges the equilibrium of the atmosphere, wfll 
cause a hurricane, from the msh of air from all quarters, to restore 
the equilibrium. The nature of a hurricane may be understood by 
obBerving the whirlwinds caused by a strong fire in a clearing among 
the woods. The hurricanes of temperate regions are not in anyway 
to be compared with those of the torrid wjne. Generally speaking, 
the former are nothing more than alight whirlvrinda. But in a trop- 
ical hurricane, all the elements sometimes seem to have combined 
and armed themselves for the destruction of nature. The lightnings 
cross each other, the thunder roars without interval, rain falls down 
in torrents. The velocity of the wind becomes excessive. Forests, 
houses, every object is swept before it, that is found in its path. 

Hurricanes begin in very different ways : sometimes a little blacV 
cloud appears on the summit of a mountain ; at the instant when it 
seeuis to settle on the peak, it rushes down the declivity, unrolls it- 
self, dilates, and covers the whole horizon. At other times, the tem- 
pest advances in the shape of a fire-colored cloud, showing itself sud- 
denly, in a calm and serene sky. 

As the air rushes in from every quarter, it ncquirea a whirling 
motion, so that it describes a s-piral. Mr. Espy, in oppositi 
RedBdil and lieid, maintains tliat tte txwteQia -A^-s^ -mtNi 
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BtraigLt lioe towa»-ifr a centre. We presume this may be true to a 
certain extent at a distance from the centre of large storms, and true 
to a greater extent of small storms ; but that strong currents can 
long move in straight lines without acquiring a spiral or gjrratory 
motion, is at variance with all that we otherwise know of the motions 
of elastic fluids, except in the single case where all the currents are 
equally powerful at every point of the circumference, a thing which 
must be of comparatively rare occurrence. The common whirlwinds 
are familiar instances of the gyratory motions ; and the extensive 
raearches of R'3dfield, confirmed by the immense number of details 
collected by Col. R(-id, prove that the motion of hurricane currents 
is similar. Nothing is more common than for navigators to find, on 
comparing logs, that the one had a strong westerly wind, while an- 
other had a strong wind in the opposite direction, not more than 50 
miles south, and a third, not more than 100 miles further south, had 
no storm whatever. The motion of the wind graduiUly becomes 
swifter towards the centre, or axis of the storm ; but on the very 
axis there is a calm. Hence, there is first a strong wind in one di- 
rection, then a short calm, followed by a violent wind in the opposite 
direction. The diameter of the calm ranges from 5 to 30 miles ; 
the commotion never extends higher than 5 miles perpendicular 
height, and sometimes only one mile. Sometimes the area covered 
by the tempest is 1,000 miles in diameter, but generally it does not 
exceed 200. The axis of a hurricane moves with a velocity varying 
fifom 15 to 40 miles, the average being about 20 miles an hour. 
The friction of the earth causes the axis to lean forward, and leads 
to an ascent of the lower and warmer air, which, mixing with the 
iqmer cold air, produces torrents of rain and electric explosions. 

The two principal regions of hurricanes are the West Atlantic 
and the Indian Oceans. The Atlantic hurricanes begin generally east 
of the Leeward Islands, in lat. 1 8 ^ N. They move north-west till 
they are off the coast of Florida, about 25^ or 30^ N., and then 
pNisB north-east along the American coiist and across the Atlantic. 
They generally terminate south-east of Newfoundland ; but some- 
times they reach the continent of Europe. They describe a curve, 
nearly parabolic, with the focus generally a little south of the Ber- 
mudas. The circular motion of the wind, considered from the axis, 
is always from rirfht to left ; and such is the direction of all hurri- 
canes in the northern hemisphere. A knowledge of this fact will 
enable the navigator to sail away from the strength of the tempest. 
If it blow from the east, the axis is to the south, and he should steer 
north ; if from the west, the case is reversed. If it blow from the 
north, the axis is to the east, and he should sail to the west, and * 
10 on. 

In the Ittdua Ocean, the course boib o{ ike d;m 9sA^<^x^\a&ifi% 
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corrents is reversed. Here the hurricanes generally begin north 
east of Madagascar, about long. 80^ 'E., and lat. 10^ S., and the axis 
moves at first south-west, towards Madagascar, and then south-east, 
in the direction of St. Paul's Island, describing a parabola, of which 
the Isle of France is near the focus. The revolving of the curreit 
is here from left to right ; and a vessel would, of course, sail in a 
direction opposite to that required in the Atlantic hurricanes. The 
storms of the southern hemispherQ generally rotate in the same 
direction. 

Hurricanes occur when the sun is most powerful on that side of 
the equator — those of the Atlantic from June to October, and those 
of the Indian Ocean from December to April. 

The typhoons are simply violent hurricanes, which prevail in the 
China Sea, and eastward to 135*^ K long., their range becoming 
wider as we proceed eastward. They rotate like the Atlantic hum- 
canes. 

In consequence of the centrifugal force of the air in a hurricane, 
its downward pressure is much diminished ; and this is indicated by. 
a rapid falling of the mercury in the barometer. The air is gener- 
ally disturbed for some hours before it begins to blow with any great 
degree of violence ; and hence, the wary mariner has time to pre- 
pare for the coming storm. The barometer has thus been repeatedly 
the means of saving vessels, and the hves of all on board. When 
the force of the storm is spent, the barometer begins to rise, and 
then the navigator may gradually unfurl his sails. 

Although hurricanes follow a certain direction, they do not move 
with a unSbrm velocity in every part of their course ; and sometimes 
they have been known to stop altogether for awhile, and then resume 
their course. Sometimes two hurricanes are simultaneous, and move 
in parallel directions ; at other times their courses are inclined, and 
they meet, when a tremendous commotion ensues. A hurricane has 
also been known to be divided into two by a promontory. 

The diminished pressure of the air occasioned by a hurricane, 
sometimes leads to the formation of a huge swell on the ocean. 
This is, of course, highest in the axis, where it is often two feet in 
height. This wave moves along with the tempest, and sometimes 
rolls against the land, whose resistance raises it to such a height that 
it resembles an earthquake wave, and does great damage to Hfe and 
property. 

Tornadoes differ from ordinary hurricanes only in being less ex- 
tensive in their range, and more rapid in their motion. Gonmion 
whirlmnds are only tornadoes on a small scale. 
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§ V. — ^Water Spouts. 

Water spouts are distinguished as terrestrial and marine. The 
latter are found to occur in the following manner. Under a dense 
elond, the sea becomes agitated with violent commotions ; the waves 
dart rapidly towards the centre of the agitated mass of water, on 
arriving at which they rise, whirling round in a spiral direction to- 
wards the cloud. This conical ascending column is met by another 
descending column which moves towardS the water and joins it. In 
many cases, the marine column is from 50 to 80-fathoms in diame- 
ter near its base. Both columns, however, diminish towards the 
middle where they often unite ; so that here they do not extend 
more than 3 or 4 feet in diameter. The entire column presents it- 
self in the shape of two cones joined at their apices. This column 
glides over the sea, sometimes without any wind being felt. Indeed, 
several have been seen gliding at the same moment in opposite di- 
rections. When the cloud and the marine base of the water spout 
move vnth unequal velocities, the lower cone is often seen to incline 
sideways, or even to bend, and finally to break in pieces. A noise is 
then heard, like that of a cataract falling into a deep valley. Light- 
ning frequently issues from the centre of a water spout, or from the 
sides, particularly when it breaks ; but no thunder is heard. 

This phenomenon is explained in the following manner. Two 
winds of different temperatures meet ; a vortex ensues. Their va- 
pors are condensed and turned round with great velocity, so that 
they assume a conical form. This rotation impresses all the particles 
of the cloud with a centrifugal force : they are driven towards the 
exterior surface ; a vacuum is produced within about the axis of the 
cone ; water, or any other body lying beneath this vacuum, is carried 
into it by the effect of gravity, striving to re-establish an equi- 
^rium. 



§ VI. — ^Monsoons or Periodical Winds. 

These winds prevail chiefly in the Indian Ocean. From the 10th 
degree of south latitude to the Tropic of Capricorn, and beyond it, 
the general east or south-east trade-wind prevails over all the Indian 
Ocean, — sometimes, in summer, extending as far as the 2d and 3d 
d^rees of south latitude. On this side of the 10th degree, we first 
meet with the monsoons, or periodical half-yearly winds : from April 
to October, a strong south-west wind prevails, accompanied with 
storms and rain, while a dry and pleasant north-east wind prevails 
during the other 6 months. South of the lOth i^ax^JXfcV^ XSsv^ \x%ftftr 
winds blow regularly, 

9* 
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The monsoons do not change, or, as sailors would say, do not 
break, suddenly. Their change, which usually takes place fifteen 
days or four weeks after the equinoxes, is announced by the decay 
of the existing monsoon, by calms and squalls in rapid succession ; 
by storms, water spouts, tornadoes, and typhoons. The beginmQ» 
of the subsequent monsoon are liable to variations, at first, wl 
finally it establishes an absolute dominion. The elevation to whidb 
the monsoon extends is but small, as appears in the peninsula withip 
the Ganges, where the monsoons arc arrested for several months, by 
the mountain chain of the Ghauts ; so that the coast of Goroman- 
del, and that of Malabar, have always their dry and rainy seasons 
at opposite periods of the year. 

According to the preceding description, it is the south-west mon- 
soon alone that presents any phenomenon directly contrary to the 
general movement of the atmosphere ; for the north-east monaooD 
is in conformity with it. What then is the origin of this monsoon, 
or half-yearly \vind, which in summer blows jfrom south and south* 
west over all the Indian Ocean ? 

The monsoons always change some time after the equinoxes; 
they constantly blow towards that hemisphere in which the sun s 
found. The action of this luminary on the atmosphere is, there* 
fore, plainly one of the causes of their origin. When its rays are 
reflected from the mountains of Thibet, they scorch the plains of 
Bengal, and the valleys of the kingdom of Siara, and rarefy the 
atmosphere much more than it is rarefied under the equator, where 
much of the heat is absorbed by the main or rendered latent in 
the evaporated water. ITiis causes the southern trade-wind to come 
north of the equator. Here its easterly motion is more rapid than 
that of the earth ; and therefore it blows to the north-east. This 
motion is further aided by the great rarefection of the air in summer 
on the great central plateau of Asia. When the sun has moved 
towards the southern tropic, the state of matters is reversed ; the 
southern trade- wind retreafe beyond its usual limits ; and the cold of the 
Asiatic continent enables the northern trade-wind to resume its usual 
course. In the same way the rarefaction of the air above the burn- 
ing sands of Arabia and Beloochistan give the southern trade-wind 
on the eastern coast of Africa a north-easterly direction, during the 
summer. The southern monsoon, therefore, is simply the southern 
trade-wind, blowing in a north-easterly, instead of a north-westerly, 
direction. The south-westerly winds that blow occasionally on the 
Guinea coast are essentially of the same nature ; and similar causes 
produce a northern monsoon on the coast of Brazil. 

Over most part of the Indian Ocean, the northern monsoon pro- 
ceeds from the north-east. On the other hand, as the seas of CMina, 
of Borneo, of New Guinea, and oi 5ava^\i2t\^ \)qa <a£«Ax% ci^ Ana to 
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ihe narth and north-west, the monsoon comes to them from these 
points. It arrives in a slow progression, in consequence of the many 
islands, whose elevated summits arrest and turn it aside. The north- 
east monsoon is mild and agreeable, because the mass of air con- 
densed on the central platform of Asia during summer, having origi- 
nally passed through the torrid zone, and afterwards remained exposed 
to die sun's action about the time of the solstice, has therefore 
lost the cold and the cloudiness which it might otherwise have ac- 
quired, from contact with the Siberian atmosphere. 

§ Vn. — ^Utility and Plkasurb Derived from Winds. 

rhe winds, it is well known, purify our atmosphere, by keeping up 
a perpetual agitation in it ; they dissipate the miasma exhaled l*om 
marshes and from stagnant water ; they excite motions in the waters 
which prevent them from putrefying, and assist them in absorbing 
the air on which their numerous tenants live ; they raise and trans- 
port the clouds destined to fertilize the ground by means of rain. 
Millions of seeds, furnished with their little pinions, ride upon the 
wings oi the wind, and spread ahi the empire of vegetation. The 
ingenuity of man has made a lever of the winds, which, when ap- 
p&d to machinery, spares him an immense deal of toil. If the 
ocean is the highway of our globe, winds are the indefatigable 
comrsers which rapidly transport our ships from port to port 

Considering winds in a picturesque point of view, how many 
gratifications do they procure to a lover of the great spectacle of 
nature ! and above all, to the inhabitant of the mountains ! Some- 
times they spread over the valley a curtain of clouds, which shows 
the summits of the far distant Alps, like so many islands scattered on 
the surface of the ocean ; at other times, they present to us all at 
(Hioe, a most astonishing prospect, in which the brightest sunshine 
forms a happy contrast with the silvery shadows. In summer and 
antomn evenings, it is the winds which, accumulating and marshall- 
ing their long trains of clouds, create and destroy before us, in a few 
moments, those aerial mountains, and fugitive landscapes, which are 
•o variously and gorgeously tinged by the fires of the setting suil 
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PART III. 

CLIMATOLOGY, OR DESCRIPTION OP CLIMATES AUD 

THEIR LAWS. 



§ I. — Nature and Causes of Climate. 

Climate comprehends the degree of heat and cold, the drought, 
the humidity, and the salubrity, which occur in any given region of 
the earth. The causes of physical climate are nine in number : 

1st. The action of the sun upon the atmosphere. 

2d. The interior temperature of the globe. 

3d. The elevation of the earth above the level of the ocean. 

4th. The general inclination of the surface, and its local exposure. 

5th. The position of its mountains, relatively to the cardinal pdnts. 

6th. The neighborhood of great seas, and their relative situation. 

7th. The geological nature of the soil. 

8th. The degree of cultivation, and of population, at which a 
country has arrived. 

9th. The prevalent winds. 

The air does not appear to acquire immediately, by the passage 
of the solar rays, a considerable degree of heat. This is proved by 
the successive coldness of the higher strata of the air, which is observed 
upon all mountains. It seems to derive more from the radiation and 
convection from the earth. 



§ n. — ^Direct Influence of the Sun on Climate. 

The degree of immediate solar heat received by any place, is de- 
termined by four causes. The first is the distance of the sun from 
the earth. If we take the mean distance of the sun, equal to 10,000, 
the distance at the summer solstice is equal to 10,166 ; and at the 
winter solstice, to 9,834 ; the proportion is nearly as 30 to 29. The 
quantity of^rays billing upon the same plane, being inversely as the 
squares of the distances, their proportion will be 841 to 900, or as 
1 to 1-jV' Thus, the quantity of solar rays which the globe receives 
during an instant in winter, \s gteato \k«^ V\i^\. ^\v\ali it receives in 
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summer. But we must remember that as it moves faster in winter, 
it will on that account receive the less heat while describing a certain 
angular space. The second cause which we have to consider, is the 
direction, more or less oblique, in which the rays strike the earth. 
This depends upon the meridian height of the sun, and therefore 
varies vrith the latitude. The more directly the rays fall, the greater 
is the number falling upon a given space, and the less is destroyed 
or lost in the atmosphere. 

The third circumstance to discover, is the length of the day, or the 
length of that semi-diurnal arc which the sun describes. The con- 
tinuity augments the effect, and the short nights allow only a small 
quantity of the acquired heat to radiate. The fourth, and last cause 
whfch modifies the solar heat, is the refraction which the rays ex- 
perience, in passing more or less through the difterent strata of the 
atmosphere. Bouguer has calculated that, taking 10,000 rays, 8,123 
of them arrive at a given point, if they come perpendicularly ; 7,024, 
if the angle of direction is 50 degrees ; 2,831, if it is Y degrees, and 
only 5, if the direction is horizontal. But such calculations are of 
little value. 

Of several methods of estimating the direct influence of the sun, 
W3 believe that to be the most reasonable, and accordant with ob- 
servation, jvhich makes it vary as the cosine of the latitude : for, the 
variations due to the different thicknesses of atmosphere traversed by 
the rays, appear to be insignificant. From this principle, it would 
follow,* that the sun's direct influence would decrease very slowly till 
we go beyond the tropics. Thence to 45^ it would decrease mode- 
rately ; and beyond 45^ it would decrease rapidly. Observation 
shows that such is actually the case, though the other influences 
mentioned above, produce wide departures from the rule in particular 
localities. 



g HL ^InFLUENCE of THE INTERNAL HeAT OF THE GlOBE. 

Some persons have sought in the internal heat of the globe, for the 
cause of climates ; and such a heat, Avithout doubt, exists in the 
bosom of the globe ; but if it had any perceptible influence on 
dimate, it would act more powerfully, and with more uniformity. 
Its beneficial influence would be felt towards the Poles, as well as 
under the equator. 

,^^ It has been found, that the temperature of the earth increases only 
about 1° Fahrenheit, for every 50 or 60 feet of descent below the 
surface. At the same time, tlie sun's influence docs not extend down 
beyond 100 feet : for, below that point the temperature k \iw\fcireB 
throughout the year. From these facts it Tiecjes&af^^ lv:5C^c>^^^'^^'^t«- 



internal hiiat of the earth is entirely independent of the s 
thai the climate on the surface is equally independent of the fi 



§ IV.— Influence of Elevatiox. 

With the elevation of the knd, cold increases in a very r^d prcH 
gtesaion. It is fiuperduous to produce examples of this. It ia the 
contmned elevation of the ground, which, in Central Asia, extcnda 
the cold regions to the 35th parallel of latitude ; so that in ascending 
from Bengal to Thibet, wo im^ne ouraeivea transported, in a few 
days, from the equator to tlie jiole ; and in Peru, a few hours' wsJk 
conducts the traveller from the temperature of the torrid zone, to that 
of the polar regions. The decrease of temperature produced by 
elevation, is nearly 1^ Fahrenhoit, on an average, for every 250 feet, 
from the sea level to an altitude of five miles. So that, if the heat 
were 80' at the sea level, it would be 20' below zero on the top of 
a mountain 25,000 fijct high ; and below the freezing point £ 
elevation of about 13,000 teet. 



§ v.— Effects of Aspects. 

Every one knows of what effect, as to temperature, is the exposal 
of a soil, relative to the sun. A hill inclined 45 degrees towards tl" 
south, when the sun is elevated 46 degrees, receives the solar r 
perpendicularly — whilst upon a plain, the same rays strike i 
the soil under an angle of 4f> degrees, an<l a hill, inclined 45 d^ 
to the north, will be struck by tlie solar rays, iu a horizontal direcdo^ 
whiijh makes them glide along its surGice. If the ground L 
more inclined to the north, it mil receive no rays, but remain i 
shade. These difierences, which are easily perceptible in hilly a 
tries, are extreme in mountainous regions. It is thus, ^aC, iu 
Vallais, we see the Al[)a, on one side, covered with eternal ice, whil 
vineyards and orchards adorn the opposite hilLi with all the cT 
of fertility. 

There is another circumstance to be observed. The angle of inc 
dence of the rays of the sun, is determined for any given moment 
of the day, by the exposure of the land ; but it varies also, with the 
diurnal course of the snn. The hill, which iu the morning received 
the solar rays in a direct angle, receives them more obliquely at 
noon, — and, perhaps the rays, in the afternoon, will merely glide over 
the snr&ce of the ground. The ease is precisely the reverse with 
h3}s exposed to the west This is attended witik very remarkable 
divainstances, which ive will now exp\a\u. tverj ■«(*' 
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from south-west to north-west, ought to be warmer than the corre- 
sponding eastern exposure, all other things being equal : for, the rays 
of the morning, which directly strike the hills exposed to the east, 
have to counteract the cold which has accumulated there during the 
night. When the atmosphere, during the afternoon, shall have reached 
its greatest degree of warmth, the solar rays will no longer serve to 
concentrate this mass of heat upon soils lying towards the east ; for 
they will fall only obliquely. On the contrary, those hills which in- 
dine towards the west, have already been provided with heat during 
the whole morning ; and, as soon as the solar rays strike them in a 
direct manner, they collect, and concentrate all the caloric of the at- 
mosphere, without encountering any obstacle. Everything, on the 
contrary, will concur in promoting their action. 

According to this principle, south-south-west, and south-west situa- 
tions, are the warmest of all, whilst, on the contrary, those of the 
north-east are the coldest. 

It is scarcely necessary to observ^e that we speak here only of the 
northern hemisphere, and that we leave out of view all local and 
temporary circumstances. 

If we consider aspects of themselves, without reference to other 
circumstances, we may compare the eastern one to spring, the 
south to summer, those of the west to autumn, and those of the 
north to winter. 



§ VI. — ^Influence of Mountains. 

The position of mountains is not always essentially connected with 
declivities of ground, since there are some plateaus which, at least 
as to a portion of their extent, have no general declivity ; ^ in 
Mongolia and Thibet : and, on the other hand, we find countries 
which incline on several sides, entirely destitute of mountains ; as, 
for example, the centre of European Russia. 

Mountains act upon climates in two ways. They attract vapors 
suspended in the air ; these vapors, by their condensation, produce 
fogs and clouds, which generally conceal the summit from our view. 

Often, also, these assemblages of watery substances, which the 
winds waft in every direction, are stopped in their devious course by 
<^ins of mountains, in the elevated valleys of which they continue 
to accumulate. 

■ Although mountains cannot prevent the motions of the atmos- 
phei^ they may, by aiTesting them, rendei patlicsvAw m\i'^ \w3t<^ ^t 
less prevalent in certain tracts of country. 

There can be no doubt that the A\pa coTitTv\^^\\J^ \\i ^^^^^c^^ 
ItMfy its delightful and happy climate, \t5 ^T^\.x\Ja^ «^tk^%^ 
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double liarvcsts. Central and Southern RuB^a, on tlie otljer h 
are exposed to cold disproportionate to their latitude itnd exposure, 
wbitih is, in a great measure, oouthem ; and it ia owing to the wW 
<rfa chain of mountains in tlio no rtb, which might weaken the action 
of the winds that blow from tlie White Soa, and the Uralian Moun- 
tains. Sibi^ria is in a, different and more unf^ivorable predicament. 
It slopes to the nortli, and eoi^equeotly, lies open to winds &om 
the Fro^n Occnn ; aud, at the same time, its great inclinadon is, 
on the south side, crowned with the Altjd Mountains, which hindei 
the uold winds from piissiug away, and also intercept the warm 
breezes of southern Asia. 



§ VII. ISFLUENCB OF VaLLEVB. 

The shelter from wimls ivhieh is afforded by mountains, may some- 
times become hurtful from excess. Thus, we find the heat proye 
insupportable, in those valleys which, in sumTner, concentrate and 
strongly reflect the rays of the sun. 

When valleys are extensive aud wde ; when they present a con- 
luderable declivity for the flowing of waters, and afibrd free access to 
wiDdsfromthenorth,the temperalurbmaytltenbe dry, cold, and salu- 
brious. But in valleys which are low, narrow, and hollow, and whi^ 
receive dry winds only obliquely, unwholesome air stagnates, and the 
waters find no ready outlet, the surfece becomes marshy, and damp- 
ness and fogs are apt to ])revail. In such places, we sometimes meet 
with those feeble and stupid Iwings cfdled cretins, who become deaf 
and dumb, and almoH blind ; and whose spiritual nature appears 
loat in the animal, while their necks, swollen and pendent to a fnglit- 
ful degree, render their very appearance disgusting. These wret^ied^ 
beings are confined to the narrowest part of the valleys of the A' 
and they cease to exist where the valleys widen, near the summit «f 
the mountains, where a brisker and drier atmosphere prevails, ai 
where the inhabitants enjoy health. The foul atmosphere and chilling 
damps which constantly brood over the narrower valleys of the 
Swiss Alps in winter, may be regarded as the true cause of goitre 
and cretinism. These maladies are to be found also in the low v; ' 
leys at the base of the Pyrenees and Appenii 
valleys of Dauphin^ and Upper Provence. 
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of the interior ; and in high latitudes, the coasts and islands are less 
cold than the interior of the continents. In many of the tropical 
isles of Polynesia, for example, the temperature is never so high as 
it often is at Quebec, where the mercury of the thermometer some- 
times freezes in winter. In the mountains of Norway, so intense is 
the cold, that it has sometimes proved fatal to the Swedish armies, 
whose dead bodies have been found lying in ranks on the ground — 
while the port of Bergen does not freeze so often as the river Seine, 
in France. ' Laurels, fig-trees, myrtles, and pomegranates, which can- 
not subsist in the centre of France, grow naturally in abundance at 
Brest. The temperatures of the different seasons, also, approach 
nearer each other in the neighborhood of the sea. At Pl3anouth, in 
England, although the mean heat of the year is, on the whole, much 
less than that of Paris, the winter months are much less cold. 

The cause of this is easily understood. In summer a great deal 
of the heat is absorbed by the water ; and more becomes latent in 
what evaporates. In winter, again, the latent heat is set free by the 
condensation of the vapors ; and the water radiates much of the heat 
it absorbed in summer. In countries far from the sea, or any great 
body of water, the sun's heat is freely reflected from the land in 
summer, and there is no extraneous supply in winter. Large bodies 
of fresh water have the same influence as the sea ; hence the climate 
round the great lakes of North America iS more moderate than in 
the same latitudes, at a distance from them or any other waters. 



§ IX. — ^Influence of Soils. 

The internal nature of the soil must have an influence on chmate, 
in a variety of ways. All grounds are not heated equally soon. 
One soil quickly parts with its acquired heat, while another retains 
it for a long time. Clayey grounds, retaining much water, moderate 
the temperature, while rocky and sandy soils, allowing the water to 
flow oJ0^ favor extremes. Marshes and stagnant waters render the 
atmosphere damp and obscured by fogs. This is the reason why the 
winter in Holland, under 52^ of latitude, is often more disagreeable 
than that of the Danish Islands, under the 55 th parallel. 

The effect of marshes in hot countries is still more unfavorable : for 
they ferment and evolve a great quantity of putrid effluvia, and poi- 
sonous gases. It is to these that the unhealthy coasts of tropical 
regions owe their pestilential climate. 



dned, aadL ■ 
md windiM 



§ X, — Influuvcb of the Labors op Mas. 

Without the arts of cultivation, the cliniales of some com 
would be insupporWLle. Let ua conteni]>late such a country. 

rivere, left to tliemselves, become choked, and overflow, and t 

waters serve only to form pestilential marsliee. A labyrinth of 
thickets and brambles overspreads the hills ; the meadows are over- 
grown with mosH and weeda ; the forests are impenetrable to the 
rays of the sun ; no wind disperses the putrid exhalations which arise 
from fiillen trees ; the soil, excluded from the genial and purilying 
warrath of the air, eshales nothing but poLsoas, and an atmosphere 
of death gathers over the whole country. Observe the differenco, v 
Boon as the country is settled, rivers opened, marshes drained, a; 
the earth opened by the plough to tlie influence of the sun and 
the atmosphere, soil, and waters acquire salubrity, and a new a 
Bpringa up. 

Bnt the cultivation of a new country is sometimes attended witt' 
disastrous consequences. The moment a new soil is opened by the 
pbogh, and penetrated by the rays of the sun, it necessarily under- 
goes rapid decomposition, and exhales unhealthy vapors. Hence, in 
part, arise those epidemic maladies which ravage coloniea newly 
Mtablished. The deatrucKon of forests, also, is productive of enl 
results, when they he rotting on the earth, and leave exposed a vast 
surface of country, to the exhalations of which we have been speak- 
ing, and the strong evaporative powers of a warm sun. 

In the Cape de Verd Islands, the burning of Ihe forests has dried 
up its springs, and rendered the atmosphere sultiy. Many parts of 
Persia, Italy, and Greece, have thus been deprived of their dehghtful 
temperature. The cutting down of the forests, which once covered 
the Pyrenets, has rendered the climate unhealthy in the Valley of 
Aznn, in the department of the eastern Pyrenees ; because the ab- 
sence of that harrier permits a free passage to the solano. Similar 
aomplaints are made in Castile and Afragon. 

In general, the effects of cleariua; and cultivating a eountir are to 
reader the summers hotter, and the winters colder. For the hare 
surface radiates the heat more freely than the forests in summer, and 
consequently gives out less in winter — while it allows the surface of 
the ground to be swept by the cold winds, and afFords no shelter firom 
the frosts. Thermometrical registers directly contradict the common 
opinion, that the North American winters are now warmer, and the 
summers colder, than formerly. Thus the mean temperature of 
winter at Philadelphia, from 1771 to 1775, was 34,00°, and thatrf 
smnmer 71.62° ; while, from 1822 to 1824, the mean of wmter wai 
32,23°, xad of summer 76.16°. Ai 'Sa\e;ia, "^^a5^..,^!Qa xsen^ jB 
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irinter, from 1786 to 1*793, was 29.21'', and of summer 69.42°; 
from 1814 to 1819, the average of winter was 25.85 \ and of sum- 
mer 68.45° ; from 1800 to 1807, the average of summer was 70.69°. 
Perhaps no place in the world, which is not much elevated above the 
sea, and is as &r south as the parallel of 40^, has severer winters or 
hotter summers than Pekin, around which the country has been ex* 
tensively cleared and cultivated for thousands of years. 



§ XL — ^Influbncb of Winds. 

The particular winds which predominate over every country, vari- 
ously modify the united influence of all the elements which constitute 
climate. But the nature, intensity, and direction of the winds de- 
pend upon general and local exposure, the neighborhood of the seas, 
the elevation of mountains, and other circumstances. Thus, the 
causes of climate form, together, a circle, of which we can point out 
neither the first Hnk, nor the last. 

As all the variations of winds depend upon the equilibrium of the 
atmosphere, the heat of one climate and the cold of another exer- 
cising a continual influence upon each other. The northern parts of a 
great continent will sometimes send forth their cold air towards the 
southern parts, and sometimes they will receive warm air in return. 
The heat of the torrid zone, and the polar cold, balance each other ; 
and upon the fluctuations of their equilibrium depend several of 
the variations of heat and cold, which are felt in the temperate 
zones. All winds in the temperate zone, coming from the neigh- 
boring Pole, are cold ; and all winds frofti the equator are hot, with 
some exceptions, occasioned by local circumstances. Thus the 
southern wind cools and refreshes the environs of the Cape of Good 
Hope, while the northern wind has the same eflfect upon Europe. 

The effect of all the constant winds is to cool the equatorial 
regions, and warm the temperate and polar. The polar currents, in 
their course towards the equator, absorb much heat directly ; and 
being much drier than the air whicli they come to replace, they pro- 
duce a still greater degree of cold by causing a more rapid evapora- 
tion. Tlie return currents flow towards the polar regions, heated 
and loaded with vapors which contain an immense amount of latent 
heat. As they recede from the tropical regions, they part with a 
great proportion of their own heat, whil(^ their vapors gradually 
condense, and part ^vith their 1,000 d(»grees of latent heat; then 
they descend in the form of rain, and find their way back to the 
tropical rerions in the polar oceanic currents. Were it not for these 
wise provisions of a benevolent Providiiwcc, ?^ ^^w\. \^\^» ^^ '^'s^ 
knrid zone would be, what the ancients gen^taW^ \kow:^\»\\» ^^:^»5^ 



a uninLabitable solitude, burnt up with lieat At the sbom 
tine, all the polar, and a consideralile portion of the tempente 
rones, woidd be equally desolate from extreme cold. 

The above £tcts lead to a simple explanation of two plienoinenit, 
of which several elaborate and yet unsatisEictory explanations have 
been given, viz^ the gi%ater wannth of the western than of tiie 
eastern sides of the two oantinenta, and the lower temperature of 
the cliuute of the United States than of the corresponding latitudes 
in Western Europe. The westerly trade-winds discharge most of 
their vapors on the western sides, because these are mostly exhausted 
before they reach the eastern side. The cause then is precisely that 
which fendeiE the climate of the western side of Britain milder than 
that of the eastern : the vapors are condensed much more freely on 
the western side, as is evident from the tact that much more rain 
&lls on that side of the island. Thus 1!2 inches is the annual fitll 
at Uvetpool, while at London it is only 23, and at Berlin, nearly in 
the latitude of Liverpool, it is only 19. So in the United States, 
the fall of rain ai. Green Bay, in Wisconsin, is 38 inchra, while that 
at Portamouth, in New Hampshire, is under 29 inches. The "snr- 
prise often expressed regarding the cold winters of the northern 
states and Canada now receives a satisBictory explanation, "We 
have only to go sufficiently far east iu the old continent to find tfaem 
equally cold ; and if we go ftirther they are colder, because the old 
continent has a much wider eastern range. Thus the winters are 
warmer at New London, in Connecticut, in lat. 41^ 20' than at 
Pekin in lat. 39^",* while the summer is 10^ cooler. 

The more a tropical country extends from east to west, the mora 
the trade-winds are heated by passing over the lands scorched by 
the sun. This is the reason why the Antilles, or Caribbee Islands, 
enji:^ so moderate a temperature, while Senegamhia is afBicted with 
the most overpowering heat, Congo also is warmer than Zangue- 
faar. If the mountains of Peru have a colder chmalfl than Brazil, 
it is because the elevation of ground, or any other local circum- 
stance, may often have sufficient influence to neutralize the efiect of 
a general cause. 

Countries entirely exposed to the hot winds of the south have 
frequently a very warm, and sometimes an unhealthy atmosphere. 
Such are the coasts of Caramania or ancient Cilicia, At Satalia, 
and at Adana, the bad air compels the inhabitanU to retire to the 
mountains in summer. Cilicia is a narrow plun bounded on tha 
north by the chain of Mount Taurus ; and tho winds which flow 
from the south being reflected by the mountains, cause enSbcating 

" Wb do not mean to assert that the cauna here sssigned is the sole, bnt 
oolf that it IB the main canse. The-wiie ctAcw*, ot ftntente^on nortli of .. 
Ameriua, an J tlio neighborhood of A,Siii:a, Wfu aorae \i&>aa»«. j^ 
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heaty and there are marshes and stagnant ponds on the coast. The 
southern wind of the Mediterranean is known to be generally damp, 
hot, and unwh^>lesorae. In the Island of Lesbos, southern winds 
often cause epid3mic complaints ; and in Attica it is the same. On 
the coasts of the Persian Gulf, the southern winds brinnr on the 
rainy season and suffocating heat. At Bassora, the southern >\ind 
paralyzes the strength of the inhabitants, and renders them subject 
to fevers. 

On the northern coast of Africa, the southern winds are often cold, 
and always dry, because they blow from Mount Atlas, At Paris, too, 
the southern winds are charged with the atmospheric cold of the 
Mountains of Auvergne. The south wind is very cold in Swabia 
and Bavaria, because it blows from the Alps. Everywhere, winds 
are modified according to the nature of the places over which they 
blow. 



§ Xn. — Classification of Climates. 



\. 



The principal elements which modify climate are heat and cold, 
humidity and dryness. Thence there result four principal climates. 

We have, first, the hot and dry climates. Such, in an extreme 
degree, is that of the deserts of Sahara, and of Arabia. The earth 
is scorching ; the sky appears to bo on fire ; and even brackish water 
is scarce. Plants languish for want of nourishment ; the men and 
animals, though strong and brawny, are few in number. Olive com- 
j)lexions and bilious temperaments prevail in the inhabitants. The 
most enormous reptiles, and most ferocious wild beasts, are found 
in Africa, and among the burning sands and jungles of Hindostan, 
where the intense heat seems to impart vigor and variety to their 
numbers. 

The hot and humid climate prevails in Bengal, in Mesopotamia, 
on the coasts of Zanguebar, Senega mbia, Guiana, and Panama. 
These countries enjoy the verdure of perpetual spring, and furnish 
the most gigantic productions of the vegetable kingdom ; but there 
also, reptiles of unwieldy length wallow in the mud of marshes, 
steaming with pestilence. In these countries man seems to degen- 
erate, both physically and mentally. 

The cold and dry climate supports a hardy, though not a profuse 
vegetation. The waters are generally cold, pure, and hard. Aiii- 
mals and men are strong, active, and healthy ; the moral and physi- 
cal constitution are in a state of equilibrium. The light hair and 
white skin are characteristic of this climate, which predominates 
over the greatest part oi Europe and a great i^a,T\. cA Ksv^, 

The cold and humid cJimate in its o\trcnv(i,^\3ic^ «&\& ^t^^tw^^^^r^ 
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in Labrador, envelops the atmosphere in unwholesome fogs, and 
reduces vegetation to a cheerlcvss, monotonous succession of stunted 
woods and creeping moss. Many of the animals are covered with 
a thick fur, under which they remain torpid for half the year ; and 
man himself is chiefly occupied in defending his physical life against 
the inclemency of the soil and climate. 

A temperate climate, in the true sense of the term, denotes an 
atmospheric constitution, in which the hot, the dry, and the humid 
are equally modified, or moderated by each other. But where one 
of these succeeds the other, the climate is rendered more disagree^ 
able than if one uniform temperature continued. It is thus that 
the inhabitants of Astrachan feel in summer the heat of Africa, and 
in winter the cold of Siberia. 



§ XIII. — Climates of the Torrid Zone. 

The torrid zone experiences only two seasons ; one dry, and the 
other rainy. The dry season is regarded as the summer, and the 
wet, or rainy season as the winter of these chmates ; but they are in 
direct opposition to the celestial winter and summer, for the rain aX* 
ways accompanies the sun : so that when that luminary is in the 
northern signs, the countries to the north of the line have their 
rainy season. When the sun is in the zenith of a country, it causes 
a rapid evaporation of its waters, and continually heats and rarefies 
its atmosphere, whose equiHbrium being thus subverted, the cold air 
of neighboring countries, attracted, rushes in and condenses the va- 
pors suspended in the atmosphere, and thus occasions very heavy rains. 

Those countries of the torrid zone where no vapors rise into the 
gdr, are never visited by the rainy season. It appears that local cir- 
cumstances, particularly high chains of mountains, which either arrest 
or alter the course of the winds, exercise such influence over the 
physical seasons of the torrid zone, that frequently an interval of not 
more than several leagues separates summer from winter. In other 
places there are two rainy, and two dry seasons, which are distin- 
guished by the names of great, and little. These are situated very 
near the equator, and correspond to the times when the sun is at the 
solstices, and in the equinoxes. 

The heat is almost the same throughout the year, within 10 or 15 
degrees of the equinoctial line ; but, towards the tropics, we feel a 
difference between the temperature that prevails when the sun is at 
the zenith, and that which is felt when he is in the opposite solstice, 
the solar rays then falling under an angle of more than 47 degrees. 
^e may, therefore, divide the torrid zone into three other zones, via., 
e eg'uatorial, wliich is temperate, 'by comi^axwyci ^\k l\i<i ^.K^K^wd^i 
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or north tropical zone, which is composed of the hottest, and least 
halntable regions of the earth. The greatest natural heat ever ob- 
served has been in this zone. The south tropical zone contains little 
land, but the heat is in some places intense. 

The circumstances which moderate the heat of the torrid zone, are, 
the strong evaporation ; the vast expanse of the sea ; the proximity of 
very high mountains, covered vnth perpetual snow ; the long nights ; 
the trade-winds, and the periodical inundations of the large rivers. 
This is the reason why, in the torrid zone, we meet with all kinds of 
climates. The plains are sometimes burnt up, while the elevated 
districts are even cold. Thus the Valley of Quito is always green ; 
and the interior of Africa contains regions which nature has gifted 
with the same privilege. 

Nothing equals the majestic beauty of the summer in the torrid 
zone. The sun rises vertically ; it rapidly traverses the burning 
clouds of the east, and fills the heavens with a light, whose effulgent 
splendor is often unobscured by a single shade. " The moon shines 
here with a more brilhant lustre ; Venus blazes with purer and more 
vivid rays ; and the milky-way glitters with increased brightness. 
To this magnificence of the heavens, we must add the general seren- 
ity of the air, the smoothness of the waves, the luxuriance of vegeta- 
tion, the gigantic forms of plants and animals ; — all nature is more 
grand, more animated, and less liable to change." 



§ XIV. — Climates of the Temperate Zones. 

The temperate zones are indemnified for the absence of tropical 
advantages, by the mild and varied charms of spring and autumn, 
by the moderate heat of summer, and by the salutary rigors of win- 
ter ; although their climates are more boisterous and variable than 
that of any other. This succession of four seasons is not known be- 
yond the tropics, nor towards the Poles. Even that part of the 
north temperate zone which hes between the tropic and the 35th de- 
gree of latitude, in many places resembles the torrid zone. Until we 
oome towards the 40th degree, the frost in the i)lains is generally not 
intense, nor of long duration ; and lasting snows are unusual. But 
elevated countries feel all the rioror of \viuter ; and even in the 
plains, the trees are bare for several months. The temperature of a 
particular place, however, depends so much on other circumstances, 
that the mere degree of latitude is no criterion. Thus, at Bergen, 
in Norway, in lat. 60° 24', the wintei's are rainv, rather than snowy, 
and there is httle severe frost, while at Vienna, in lat. 48^ 12', heavy 
snows, and severe frosts, are not unusual. 

It W h-om the 40th to the oOth decree t\\:vl \k(i «vxwifcs&\wv <:Jl *^aRk 
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four seasons is most re^lar, and most perceptible; although the 
transitions are still so gradual as not to endanger the health of man. 
The climate of the temperate zones seems best adapted to the full 
development of all the human faculties ; and it is there alone we find 
the highest degree of inventive skill, united with physical vigor and 
strong, enduring affections. In the north temperate zone has hitherto 
appeared most of those characters who have contributed to the gen- 
eral welfare of mankind : and there is no reason to suppose, that a 
tide of knowledge and civilization will ever originate from any other 
quarter in future. 



§ XV. — Climates of the Frigid Zones. 

Beyond the 60th degree, and as far as the 78th, which appears to 
be the hmit of the habitable globe, only two seasons are generally 
known. A long and riirorous wiliter, succeeded often by sudden and 
insupportable lieats. The power of the solar beams, though feeble, 
from the obliquity of their direction, accumulates, during the ex- 
treiqely long days, and produces effects which might be expected 
only in the torrid zone. There have been examples of the pitch 
having been melted on the sides of ships. In winter, on the con- 
trary, brandy luis Ixien frozen in heated rooms, a crust of ice has 
covered the bod-clotlics ; the earth has been found frozen to the 
depth of 100 feet ; and the external air exhibited a temperature of 
OO'^ below zero, on Fahrenheit's thermometer. In some places, how- 
ever, a southern exposure, and the neighborhood of the ocean, soften 
the climate to a very great degree. 

The frigid zone enjoys an atmospheric calm, which is unknown in 
temperate regions. It has tew storms, and scarcely any tempests. 
The splendors of the aurora borealis reflected by the snow, dispel the 
darkness of the polar nights ; the days, for several months though 
of a monotonous magniiicence, astonishingly accelerate the growth 
of vegetation. In three days, or rather three times 24 hours, the 
snow is sometimes melted, and the flowei's bloom. 

It is frequently supposed, that the southern regions have a colder 
temperature than the corresponding parts of the northern hemi- 
sphere. But of this no satisfactory proof has hitherto been adduced. 
The \vinters at Quebec seem to surpass, in severity, anything ever 
experienced in the corresponding latitude of the southern hemi- 
spliere ; and the real fact seems to be, that, owing to the greater preva- 
lence of water in the southern rco'ions, there is less difference between 
summer and winter.* It is certain, that no satisfactory reason has 

* Compare the temperaturea of Quebec, Gottlngen, and the Falkland la- 
lands, given in § XVIII. \ 
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ever been assigned for the antarctic regions having a colder average 
temperature than the arctic regions. Navigators from the north of 
Europe, seeing the season so cold round Cape Horn, at midsummer, 
and oomparing it with that of the corresponding latitude in the north- 
western parts of Europe, would bo very apt to think the southern 
regions colder. But if they had compared the winter of Cape Horn 
with that round Hudson's Bay, in the corresponding latitude, they 
might come to a different conclusion. 

§ XVi. — General Temperature of the Globe Unchangeable. 

If the earth's axis were perpendicular to the plane of the ecliptic, 
there would be no inequality between the days of winter and sum- 
mer, and no change of seasons, as far as that depends upon celestial 
causes. The equator would be still more constantly heated than it is 
at present, and we should perceive the heat diminish on each side of 
it, in a very rapid progression. Each climate would have an invari- 
able temperature, which would be that of its present spring and 
autumn, but very probably somewhat lower. The earth woidd then 
be scarcely habitable beyond the 45 th or 50th degree of latitude. 
Here, then, would be that eternal spring, of which the poets wish us 
to deplore the want. As the obliquity of the ecliptic has been slowly 
diminishing for ages, it was formerly thought, that the ecliptic and 
the equator actually tend to, coincide, — ^in which case the preceding 
supposition would be realized. But La Place has shown, that this 
diminution arises from the mutual attraction of all the' planets, which 
produces only a temporary inequality, confined within determinate 
bounds. In short, the axis of the earth describes an ellipse ; and after 
a long series of years, it will again point to the same spot in the 
heavens, and also form the same angle witrh the plane of the ecKptic 
The range of its variations is so small, that it can produce no sensi- 
ble effect on the seasons. The earth is probably radiating less and 
less heat into space, as it cools. But this cause is so insignificant, 
that it cannof have influenced the average annual temperature of the 
globe one fourth of a degree for many thousands of years. It has 
often been asserted, that the temperature of the globe is higher now 
than it was before the Christian era ; and many facts are adduced in 
support of this opinion. But geology leads us to conclude, that, 
if there be any perceptible difference, it must rather be colder ; and 
the facts alleged are of that isolated kind, of which about an equal 
number has been arrayed in support of the contrary opinion. We 
have already seen how little effect the labors of man have on tem- 
perature, even over the limited areas where they have any effect at 
all; and there h bo other agency short of a m\ta)dft,\ft\\v\ftid<«t<^^wi^ 
^ 10 
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the umfonnily of the earth's temperature for an indefinitely k|a 
period to come. We may, therefore, infer, that the climates of 
globe are now precisely what they have been since man first 
peared on earth, and will probably continue so until his term has 
pired. With respect to the heat received fi'om the sun, we k 
that much of it radiates even by day ; and the rf^&c escapes by ni^ 

§ XVn. — Climate Lines. 

To render the variations of climate perceptible to the eye, lm< 
are drawn through all those places having the same temperatupi 
Of these Hues there are three classes, ,1st. Lines drawn through 
places having the same mean annual temperature^ are termed in 
thermal lines, that is, lines of equal heat. 2d. Those passing throu|^ 
all the points having the mean temperature of summer equal, ar 
called isothercd — lines of equal summer. 3d. Those joining all th< 
points which have the mean temperature of winter equal, are caller 
tsochimeral or isochimal — Klines of equal winter. If chmates coolec 
uniformly from the equator, all these lines would be parallel : ba 
owing to causes already explained, they do not approach to paral 
lelism, except near the equator. In the north temperate zone th< 
isothermal hues are farther north on the western side of the tw< 
continents, and decline rapidly towards the south as we move east 
ward. Thus, the isothermal line of 41^ passes on the western coas 
of North America through the Sitka Isles, in lat. 58^. Thence i 
curves south-east, and passes by the Bay of Fundy, in lat. 45°. I 
then stretches north-east till it reaches the latitude of 63°, directly 
north of the Shetland Isles, whence it again curves south-east anc 
passes through Mandshuria, in lat. 45°. The other lines deviat( 
from each other still more widely : thus, the isochimal line of 30^ 
passes through New Archangel, in lat. 57°, and Pekin in lat 39f° 
and that of 24° passes through Eastport, in lat. 44f °, and Norfi 
Cape, in lat 71°. 

§ XVin. — ^Tables of Tempkratures. 

L TEMPERATURE OF THE OCEAN. 

N. Lat In Atlantic. In Pacifle. 

0° 80i° 81F 

10° 78° 81i° 

20° 74° 75° 

30° 7li° 71° 

40° 62° 60° 

50° 64° 47° 

ftO° 44i° 89i° 



TABLES OF TEMPERATURES. 
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E TEMPERATURE OF THE WESTERN SIDE OF THE OLD, 
AND OF THE EASTERN SIDE OF THE NEW CONTINENT. 



N. Lsk. 
0° 

30*" 
40*^ 

60° 

70° 



Eastern Continent. Western Continent 

. 81'' 50' . . . . . 81° 50' 



77° 9' 
70° 7' 
63° 5' 



77° 9' 
67° 1' 
54° 5' 



60° 9' 38° 3^ 



41° 
33° 



25° 
0° 



if/ IE 



ALTITUDE OF THE SNOW-LINE * IN VARIOUS REQIONa - 



Lat. 
0° 

18° N". 

32° S. 

31° N. 

42f ° N. 
45F N. 
60° N. 
64° S. 
60° N, 
71° K 



Countries. 

South America, (Andes) . 
Mexico, (Andes) . . . 
Chili, (Andes) .... 
India, (Himmalays N. side) 
" ( " S. side) 

Spain, (Pyrenees) 
Switzerland, (Alps) . 
Tartary, (Altai) . . 
Patagonia, (Andes) . 
Norway, (Dofres) 
"v (Mageroe) . 



Feet. 

15,795 

14,772 

12,780 

16,620 

12,981 

8,900 

8,800 

7,000 

3,390 

5,100 

2,160 



ly. MEAN TEMPERATURE OF THE YEAR, AND OF SUMMER 

AND WINTER. 



Place. 


Lat. 


Year^- 


Summer. 


Winter. 


Melville Island, . 


74i° 


2°t 


33.78^ 


— 81.33°t 


North Cape, . . 


71 


32 


^3:34 
^.06 


23.72 


Petersburg, . . 


60 


38.84 


17.06 


Quebec, . . . 


46f 


41.74 


68.00 


14.18 


Falkland Islands, 


51i 


46.94 


dt.06 


39.56 


Gottingen, . . . 


51i 


46.94 


64.7 6 


30.38 



* The snouhline is the lowest at T^ch mountains exposed to the direct 
rays of the sun continue covered with snow throughout the year. This table 
gives the actual, and not the theoretical height of the snow-line ; for the latter 
is affected by the amount of snow that falls, the direction of winds, the vicinity 
or distance of the ocean, <fec. In tropical regions, the snow-line is generally 
below the r^on of perpetual frost, owing to the immense quantity of snow 
that falls, and the absence of long days. In temperate and arctic regions, the 
line is generally above that of perpetual congelation, owing to the long sum- 
iner days, and the smaller quantity of snow. 

f The sign — indicates so many degrees below zero. 
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Place. 


Lat. 


Year. 


Sammer. 


Wiaier. 


Edinburgh, 


. . 56" 


47.84^ 


68.28^ 


38.60^ 


Dublin, , . . 


. 53i 


49.10 


59.54 


39.20 


Geneva, . . 


. 4Gi 


49.28 


64.94 


34.70 


Vienna, . . 


. . 48i' 


50.64 


69.26 


32.72 


Albany, 


. . 42| 


48.46 


67.44 


29.67 


Cambridge, (M 


[ass.) 42i 


50.36 


70.70 


33.98 


Paris, . . . 


. 48f 


51.08 


64.54 


38.66 


London, . , 


. . 51i 


50.^6 


63.14 


39.56 


Philadelphia, . 


. 40 


53.42 


73.94 


32.18 


New York, 


. 40-} 


53.78 


79.16 


29.84 


Cincinnati, 


. . 39iS 


53.78 


72.86 


32.90 


Washington, . 


. . 38f 


57.20 


76.66 


38.00 


Pekin, . . 


. . 89f 


54.86 


82.58 


26.42 


Rome, . . 


. . 41f 


60.44 


75.20 


45.86 


Algiers, . , 


. . 361- 


69.98 


80.24 


61.52 


Cairo, . . , 


. . 30 


72.32 


85.10 


68.46 


Vera Cniz, 


. . 19i 


77.72 


81.50 


71.96 


Havana, 


. . 23i 


78.08 


83.30 


71.24 


Cumana, • 


. . lOi 


81.86 


82.04 


80.24* 
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VOLCANOES AND EARTHQUAKES. 
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§ I. — ^Description of an Eruption. 

The name volcano (from Vulcanus, the Roman god of fire) now 
designates those mountains which vomit forth flames, smoke, aiiJ 
torrents of fluid matter. The chimney through which the smoko 
and streams of melted matter issue generally terminates in a vrist 
cavity, in the form of a truncated and inverted cone, termed tho 
crater. 

The eruption of a volcano is a most terrible and majestic pho» 

* The temperature of spfrng at 0\)XQ&xia^\&%%.^^. 
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nomenon. The signs which precede the explosion are violent move- 
ments which shake the earth afar, prolonged bellowings, subterra- 
nean thunder, which roll in the sides of the agitated mountain. 
Very soon the smoke, which is almost continually emitted from the 
mouth of the volcano, increases, thickens, and ascends, under the 
form of a black column. The summit of this column yielding to 
its own weight, sinks down, becomes rounded, and presents itself 
under the appearance of the head of a pine tree, having the lower 
part for Its trunk. This hideous tree does not long remain im- 
movable ; the winds agitate i# blackened mass, and disperse it in 
branches, which form so many trains of clouds. At other times the 
scene opens with more brilliancy. A stream of flame rises beyond 
a collection of clouds, keeps immovable for some time, and then 
appears like a pillar of fire which rests upon the ground, and 
threatens to set the sky in a blaze. A black smoke surrounds 
it, and from time to time intercepts the dazzling brightne^. Light- 
ning appears to flash from the midst of the burning mass. On a 
sudden the brilliant cascade of fire seems to fell back into the 
crater, and its fearful splendor is succeeded by profound darkness. 
The effervescence, however, goes on in the interior abysses of the 
mountain. Ashes, dross, and burning stones are projected in di- 
verging lines, like the spouts of fireworks, and fall around the 
mouth of the volcano. Enormous fragments of rocks appear to be 
heaved against the sides ; a torrent of water is often thrown out 
with impetuosity, and rolls, hissing, over the inflamed rocks. There 
is then raised from the bottom of the crater a liquid and burning 
matter similar to that of metal in fusion. This fills the whole of 
the crater, and reaches to the edges of the opening. An abundant 
quantity of dross floats on its surface, which ultimately appears and 
vanishes, as the liquid mass rises or falls in the crater where it seems 
to boil. 

^ The substances which are thrown up from the depths of the cra- 
ter by the lava, are, smoke, ashes, sands, scoriae, volcanic bombs, and 
unaltered masses. The enormous columns of smoke which are seen 
issuing from the volcano, are chiefly composed of aqueous vapor. 
This vapor is generally charged with gaseous substances, and partic- 
ularly with hydrogen gas, and sometimes with carbonic acid. Sul- 
phurous acid, and hydrochloric acid, are also given out. The smoke 
is gray or white, sometimes brownish black or fuliginous ; and the 
smell accompanying it then, is like that of asphaltum or mineral 
pitch. It often contains a quantity of volcanic ashes. The ashes, 
which appear to be nothing but the substance of the lava reduced to 
minute mechanical division, are formed of flocculent and extremely 
minute particles of a grayish or gray color, aivdiotim\i^?s.\^NsXfc.^«^'8Q^ 
mixed with water. They aro always mixed vj\\5a. ^ ^<i«fc\fct ^^ ^J^« 



quantity of sand, which gives them the blaclcish color they »hiw^^ 
The torrenta of gas and viipor which issue from the crater, carry theila 
Ashes with them into the atmosphere, where they form vast cloniJa, 
Boiuetiines so thick aa to cover thd surrounding country with dark- 
ness. Sametjmes the ashes are carried 1,200 miles, and fomi, where 
they fall in any quanti^, earthy beds of great thickness, and on being; 
heaped up and jienetrated with water, they form some kind of vOi- 
came tufa. 

Volcanic sands are small partjcl^ of lava that have been ejected 
into the air in the form of drops, aira there harden. They arc 6flg- 
Rients of seoriie, which are mingled with numerous small crystals ot 
fiwmenta of angite and felspar. The quantity of these sandB ejected 
is immense, and sometimes constitute the greater part of vokttsis 
ejections. The smallest mingle with the ashes, and form part of tha 
clouds already mentioned. 

The gases which come from the de])ths of the volcano, pasang 
through the mass of melted lava with great force and veloeity, cany 
off some portion of that viscid matter, and bear them along into m 
atmosphere. In cooling, they assume the intumesc^-d and sla^ 
^pearance which the scoriie of forges often present. 

When the matter constituting lava is projected in a soft state, ts 
is common, it sometimes, on cooling in the air, assumes the hna at 
drops, tears, or elongated spheroids, which receive the name of vol- 
eanic bombs. These abound in the extinct volcanoes of AuvergM. 

Volcanoee sometimes eject stones, many of which bear no mm* 
of comraoD ftision. Tliese are considered as fragments of rods 
which have been torn off and projected by some current of elastic 
fluids, although others think they are fragments of rocks which have 
been formed by igneous solution and crystal hzation. Monte Somms 
contains many specimens of such ; and there they are of granoUr 
hmestone, containing- mica and other minerals. 

The greatest velocity of ejected matter, in the cases of Mount 
Vesuvius and Etna, has been found to be equal to that of a camum 
baE when it leaves the mouth of the gun, viz. ; from four to five 
hundred vards per second. Colopaxi once projected a piece of rock 
one hundred and nine cubic yards in magnitude, to the distance of 
nine miles, and it has repeatedly projected matter six thousand feet 
above its summit. 

Lava overflows, runs down the sides of the volcano, and descends 
to its base. There it sometimes stops, and appears like a fiery ser- 
pent recoiling upon itself. More frequently, it dilates itself, and 
gushes oat from behind, or beneath a species of sohd crust, wliieh is 
formed upon its sudaoe, advances like a large and impetuons riret, 
deatroya H-Aatever it meets with in ite wtotw, tlows over those ' ' 
cles which it cannot overturn, passes aVoii'j ftvc traaY* 
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citios, invades a space of country of several leagues in extent, and 
transforms flourishing fields into a burning flame. Equal ravages 
may 'be sustained, though the lava does not issue exactly from the 
top of the cone. It is sometimes too compact and too weighty to 
be elevated to the summit ; its violent eftbrts then occasion new 
ruptures in the side of the mountain, through which the igneous 
torrent rushes out. 



§ n. — Geographical DttiTRiBUTiON of Volcanoes. 

A great chain of volcanic mountains stretches around the Pacific 
Ocean. Terra del Fuego, Chili, Peru, and the whole chain of the 
Andes, are full of volcanoes. We distinguish in Peru, those of Are- 
quipa, Pichincha, and Cotopaxi, whose flames in 1738 rose higher 
lian 2,000 feet, and whose explosion was heard at the distance of 
360 miles. Chimborazo, one of the highest of mountains is an 
extinguished volcano. Humboldt has seen the smoke of Antisana 
rise 18,000 feet. 

If we pass the Isthmus of Panama, we find the volcanoes of 
Nicaragua and Guatimala. Their number is countless, and there are 
some which are covered with perpetual snow. 

Then come those of Mexico, viz. : Orizaba, Popocatepetl, Jorullo — 
which first appeared in 1759 — and several others, all situated under 
the 19th parallel of latitude. 

Cahfornia contains five volcanoes that are still active. There is a 
number of very considerable volcanoes on the north-west of America, 
of which Mount St. Elias is the best known. These volcanoes form 
the intermediate link between those of Mexico, and those in the 
Aleutian Islands, and the Peninsula of Alaska. 

These last, which are very numerous, both extinct and active, 
serve to continue the chain towards Kamschatka, where there are 
three of great violence. Japan L%s eight ; and the Island of For- 
mosa has several. The volcanic belt now becomes immensely wide, 
and embraces the Philippine Islands, the Ladrones, the Moluccas, 
Java, Sumatra, Queen Charlotte Isles, the New Hebrides, and in 
short, most of the Isles of Oceanica. 

The eruption of the volcano on Sumbawa, one of the Moluccas, 
in 1815, is one of the most remarkable of modern times. The ex- 
plosions were heard in Sumatra, at a distance of more than 1,000 
miles ; and the floating cinders beyond that island were at one time 
two feet thick. Of the 12,000 inhabitants of the island, only 26 
survived. , 

^The other volcanic chains are far from beiiv^ o^ ^ ^^-aS^ ^:?^sRSs&^ 
The jalaDds of 8t Paul and Amsterdam, t\iQ ioxim.di\& n^qasl^ Hn^ 



the Island of Bourbom, and the jets of hot water in the laUnd of 
Madagascar, are the prindpal kaown limits of this ehaiu. 

l"he Arabian Sea fluwa at the base of the volcano of Gebel Tar. 
The neighborhood of tiie Dead Sea, and the whole chain of idduh- 
taJna wmch runs through Syria, have been the theatre of yolcanio 
eniplJons. Around the Caspian are the volcanoes of Demavend and 
Blburs, which connect the Asiatic chain with that of Southern 
Europe. 

A vast volcanic zone surrounds Greece, Italy, Germany, and 
France. The summit of Mount Etoa has burnt for 3,800 years, and 
is surrounded by'esrtinguished volcanoes which appear much mow 
ancient. 

The Islands of Lipari seem to owe their origin to the volcanoa 
wliich they contiun. The volcano of Stromboli, one of this grouA 
tias been inceaaantly active tor more than 2,000 yeaiB, and is jit^ 
termed " the great light-house of the Mediterranean." Vesuvius hap 
not always heentheonlybumingmounttin of the kingdom of Kapfea. 
Another stjil larger, but extinguished, has been discovered near 
Rocca Fina. Mount Sulfaterra belong to the same class. 

The catacombs of Rome are excavations in lava-rock, Tuscany 
abounds in hot and sulphureous springs, and other indications of 
volcanoes. A great nniober of extinct volcanoes have been discov- 
ered near Fadua, Verona, and VJceuza. Dahnatia has severaL It 
was long suspected that a district of Hungary nonrished subterrane- 
ous fires in its depths, and the eruption of a volcano has corroborated 
tiie suspicion. 

Germany contiuna a great number of extinct volcanoes, the best 
known of which are those of Kamberg, in Bohemia, Transberg, 
near Gottingen, and those of Bonn, and Andcrnach, on the borders 
of the Rhine. The south of France is full of extinct volcanoes, 
among which are Mount Cantal, the Puy de Dome, and Mount D'Or, 
in Auvergne, which are the most conspicuous. 

g nX — ^VOLCAKOEB OF IHX ATLANTIC OcBiS. 

The Western Ocean is not, hke the Pacific, endrcled with a chain 
of volcanic mountains, but it contains in its bosom several groups of 
mountains which belong to-that class. Although the princiiiahty of 
Wales, the Island of Staffa, and some parts of Ireland and Scotland 
exhibit only proofe of the existence of eitinct volcanoes, yet G 
frequent occurrence of earthc[uakes in these reckons indicates t 
presence of subterraneous fires ; and Iceland presents to our vi 
Heckla, Kotlonguia, and several other vohamoes, whi^ QS.48^ft 
tig aiiflst of perpetual snow. ^ 
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Tiaa Tolcanic focus is one of the most active on the globe, for the 
very bottom of the ocean is, in these regions, agitated ; and the 
waves often heave up whole fields of pumice stone, or give birth to 
new islands of permanent character. 

Several circumstances lead us to believe that there are some vol- 
canoes in the interior of Greenland. That frozen country sometimes 
experiences the shock of earthquakes ; and a new island sometimes 
appears, evidently proceeding from submarine volcanic action. \ 

The middle of the Atlantic Ocean conceals another volcanic focus, 
of which the Azores and Canary Islands have felt the effects. The 
Peak of Teneriffe is one of a whole system of volcanoes, parts of 
which are recognized in Jamaica, Guadaloupe, and Grenada, 

The preceding volcanoes all belong to groups. But some volca- 
noes are detached, or at least belong to groups little known. Such 
are the extinct volcanoes of Daourie, discovered by Patrin ; that which 
is seen in Fuego, one of the Cape de Verd Islands, and the remark- 
able volcano of Kilauea, in the Sandwich Islands. 



§ IV. — Origin of Volcanoes. 

It follows from the preceding general survey of volcanoes, that the 
most numerous are those found in the neighborhood of the sea, and 
in islands. Nevertheless, there are many which do not appear to 
have any communication with the sea. Another general fact is, that 
the craters of volcanoes burst forth in all kinds of rocks — ^granitic 
and slaty, primary and secondary rocks. 

Rouelle, Desmarets, and others, attributed the origin of volcanic 
fire to the inflammation of bitumen, pit coal, fossil wood, and turf, or 
peat. But this explanation is untenable, and has been universally 
abandoned. An explanatioij more generally received was proposed 
by Lemery and Davy, who ascribed the volcanic phenomena to a 
spontaneous inflammation of metalloids from the action of water, 
whose oxygen was supposed to unite with them, and produce the 
heat and explosions. ' Lemery rendered this hypothesis plausible by 
a striking experiment. He formed a mixture of 50 lbs. of iron 
filings and sulphur, which, after moistening, he buried in the ground, 
at a certain depth ; the mixture became gradually heated, and at 
last took fire with a great explosion. Davy performed a similar ex- 
periment. But he afterwards abandoned this hypothesis, although 
it is still maintained by Dr. Daubeny. 

Fragments of granite, which volcanoes often project in great quan- 
tities, indicate that the lava comes from a very great depth : the long 
period of activity of certain volcanoes — ^the \mi^ci®sOcs^\*^ ^Jc^ja^ ^'^ 
u&ghhonng earth could furnish such copio\ia e^QC^Q.Ti& m^av5^»^*r 

10* 
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coming excavated, and sinking down* — the inconceivable force with 
which heavy masses of mlrtter are projected to immense heights— 
and, besides the astonishing force, and the sudden explosion, the 
peculiar nature of volcanic fusion, which rarely produces vitrification, 
and which appears oftener to digest and concoct than to bum ; these 
are circumstances which have led persona well versed in such obser- 
vations to think that the reservoirs of volcanoes exist at a very great 
depth, and that their activity is owing to elastic gases enclosed within 
the bosom of the globe. 

The solid matter thrown out by volcanoes consists mostly of silica 
and alumina, whose bases (silicon and aluminum) never unite with 
oxygen at common temperatures, or even at very high temperatures, 
except in small quantities. Another great objection to the metalloid 
theory is, that the gas thrown out is mostly steam, or aqueous vapor, 
and not hydrogen, the other element of water besides oxygen, which 
is expelled in comparatively very small quantities, and whose expan- 
sive force is indeed inadequate to produce the phenomena. These 
objections have led most geologists to reject this theory. The opin- 
ion now generally held regarding earthquakes and volcanoes, is that 
which we have already stated in Division 3d, Part 1st, Sect. 8. 
Almost every geologist now allows that earthquakes and volcanoes 
have a common origin. Steam is an agent capable of producing 
them, and we know of no other. This hypothesis is contradicted by 
no fact, a remark which will apply to no other. 



§ V. — Earthquakes. 

These convulsive movements shake the surface of the earth, either 
in a horizontal direction, with undulations similar to those of the sea, 
or vertically, when a part of the ground is i-aised up and the other part 
sinks down as into a gulf, or circularly, when ponderous masses of 
rocks and earth revolve as it were on a pivot. These are the three 
kinds of motion distinguished by the Italian writers, who are well 
acquainted with the phenomena. Earthquakes generally precede 
volcanic eruptions, and cease when the lava has got vent. 

Earthquakes produce the most calamitous effects. They often 
change the surface of a country, in such a manner that it is impossi- 
ble to recognize it. Enormous fissures or gaps emit bluish flames 
and deadly vapors. In the course of ages, they form new valleys, 

♦ In the eruption of 1660, Etna erupted an amount of lara twenty times 
greater than the whole mountain ; and in 1783, Skaptar Yokul in Iceland 
poured out two streams of lava, one 50 miles long and 12 broad, and the 
liter 40 miles long and 7 broad, with an axei^uga de^th of 100 feet, in some 
Uces increased to 600 or 600 feet 
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In other places mountains are swallowed up or overthrown, and often 
detached from one another so as to glide along upon the lower 
ground ; and as the force with which they are impelled redoubles 
every moment, these ambulatory rocks bound over hills and valleyB. 
Here the vineyard descends from its height, and settles in the midst 
of a field of com ; there, ferms, with their gardens, being lifted with- 
out separating, become attached to distant villages. In one quarter, 
new lakes are formed in th^ midst of land ; in another, rocks, mtherto 
invisible, suddenly rear tneir wet summits from the bosom of the 
foaming sea. Springs are stopped ; rivers disappear and lose them- 
selves under groimd ; others, choked up by fragments of rocks, spread 
out into vast marshes ; new springs gush out from the shattered sides 
of the mountain ; incipient rivers strive to hollow out a channel for 
themselves, amidst the ruins of towns, palaces, and temples. 



§ VL — Presages and Direction of Earthquakes. 

What renders earthquakes more dreadful is, that there are no signs 
which unequivocally designate either their approach or their termina- 
tion. They happen at ^1 seasons, and under every constitution of 
the atmosphere. A subterraneous noise is, indeed, their forenmner ; 
but it is scarcely heard before the earth gives way. Animals, and 
particularly horses, dogs, and fowls, show, by their terror, a presenti- 
ment of its coming ; and the barometer falls extremely low. Earth- 
quakes act with astonishing rapidity. It was one single shock which, 
in the year 1*783, overthrew Calabria, and destroyed Messina, in two 
minutes or less time. But these agitations are repeated for the space 
of months and sometimes for years, as in 1*765. 

The direction of earthquakes is one of the most remarkable fiusts 
in Physical Geography. Sometimes there is a central point, where 
the shocks are most violent, and this centre sometimes changes its 
place, as if the subterranean force rebounded from one point to 
jmother ; sometimes we can distinguish a certain line along which 
this force seems to move. The sphere of such a revolution seems 
often to embrace a fourth part of the globe. The earthquake which 
caused such devastations at Lisbon, was felt in Greenland, in Norway, 
in Africa, and in the East Indies. The earthquake of 1601 shook 
all Europe and a part of Asia. In 1806, the shock was felt almost 
simultaneously, at Algiers, in Greece, at Constantinople, Bucharest, 
Kiev, and Moscow. But these distant motions are owing to a force 
applied at the focus of action. 
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§ Vn. — Gknbbality and Results of Eabthquakks. 

No part of the globe appears exempt from these terrible effects 
The Alps contsdn no trace of recent volcanic agency, and yet they 
are often shaken by earthquakes.* The silver mine at Konigsberg, 
in Norway, was first opeijed to view by a shock in 1603. The frigid 
zone, also, is ever subject to earthquakes. Greenland feels frequent 
shocks, and in 1*758, Lapland experienced violent commotions. The 
average number of earthquakes throughout the world, is about 20 
every year ; and the number of volcanic eruptions is about the same. 

One of the most remarkable upheavings of earthquakes, is" that of 
the volcanic ground of Jorullo, in Mexico, which took place in 1769. 
For the space of half a square league, flames were ol^rved issuing 
from the plain ; fragments of burning rocks were thrown up to a 
prodigious height ; and through a thick cloud of cinders, streaked 
with volcanic fires, the spectators thought they saw the softened crust 
of the earth, swelling up. In the midst of the upheaved earth, the 
highest part of which is 1,600 feet in hejght, several thousand little 
volcanic cones a.rise, sending forth their smoke, and occasioning a sub- 
Ijerraneous noise. Among these small volcanoes, six great ones rear 
ttieir heads to the height of about 1,500 feet above die level of the 
plain. 

We are informed of a volcano of considerable elevation, in the 
Island of Timor, called the Pic, which sank entirely down in 1638, 
leaving in its place nothing but a muddy marsh. And in 1*7 7 2, the 
Papandayang, a large volcano in Java, after a short, but severe erup- 
tion, fell in, over an extent of 15 miles long, and 6 broad, burying 
40 villages, and nearly 3,000 inhabitants. In such cases, the ground 
probably gave way from being deprived of its support, by the ejec- 
tion of the lava. 

The islands thrown up by earthquakes, in the midst of the sea, 
prove the existence of submarine volcanoes. Instances of this kind 
are by no means rare. Delos, Rhodes, and the Cyclades belong to 
this class. Isola Nuova, (New Island,) near Santorini, one of the 
Cyclades, was thrown up, as late as ITOY. Another island rose 
among the Aleutian Isles, in 1796, wliich is 350 feet high. Another 
rose there in 1806, which is more than four miles in circumference. 
And in the same group, in 1814, there rose a peak 3,000 feet high, 
which disappeared after a year. A new island appeared in the Med- 
iterranean, near Sicily, in 1831, which rose to the height of 220 feet, 
and disappeared, after exhibiting volcanic phenomena for some time. 

* Geologists have discovered, however, that the Alps were upheaved at a 
comparatively recent period, though before the time of historiciu recwda 



MUDDT EBUPTIONS. 229 

In several cases of this sort, there is no appearance of any eruption ; 
and the surfiace consists of the former bottom of the sea. 



§ VIII. — ^MuDDY Eruptions. 

Nearly allied to volcanic eruptions are those of mud, a phenomenon, 
which, from time to time, takes place in volcanoes ; but which some- 
times occurs independently of them, although attributable to the 
same cause. Maccaluba, in Sicily, is the most terrible and celebrated 
of these terrivomotcs mountains, if we may so call them. In its or- 
dinary state, mud, half fluid, is observed to boil up in the cratei*s, or 
funnels, which terminate each of the small protuberances raised up 
on this mountain, or rather clayey hill. The mud nses in hemi- 
spheres, and falls down, after having emitted a bubble of air ; but 
there are times when, after a great rain, all these craters disappear, 
the whole mass of the mountain ferments ; subterranean thunders 
are heard, and a quantity of inud and stones spouts forth, to the 
height of 200 feet. 

Not far from Boulogne, several quagmires, called the salses, situated 
on rising grounds, composed of saline and alkaline earths, exhibit, on 
a small scale, similar phenomena, emitting continually smoke and 
flames. The town and port of Tamar, in the Crimea, upon the bor- 
der of the Black Sea, contains several hills, whence issue muddy 
eruptions. One of them has been seen to dart forth flames. In the 
Crimea also, and opposite the town of Terarak, an island was raised 
in the middle of the sea, in 1799, which, after having cast forth mud, 
flames, and smoke, disappeared under the waves. Upon a tongue 
oi land, opposite Tamar, there was a hill, called in Tartar, Kenk- 
Obo, which, in 1794, experienced a terrible explosion. A column, 
of a pale red fire, shot up from it, to nearly 300 feet in height; and 
mud, mixed with bitumen, was projected to the distance of nearly a 
mile. The whole projected mass was computed to amount to 100,000 
cubic feet. According to Pallas, it consisted of a bluish clay. 

The growing, or increasing mountains which are met with at the 
foot of Mount Caucasus, near Baku, and near the mouth of the river 
Kur, belong to the same class. They are produced by springs, 
which throw out a salt, slaggy mud, and in this manner hills above 
400 feet hifjh are formed. 

Common volcanoes throw out, though Avith greater violence, sub- ' 
stances dissolved in water. Those which crown the chain of the 
Andes, near the city of Quito, emit only a small portion of scoriae ; 
but an enormous quantity of water and clay, combined with carbon 
and sulphur. In former ages such agencies had, ^^toWXiVj ^ ^ ^^-^fi^ 
influence in the fonnation of some mountains. 
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CONCLUSION OF METEOROLOGY. 



It is thus that all the elements of nature are armed for mutual 
destruction. What are the revolutions which we behold, in compar- 
ison to those which must have occurred in the creation of the world ; 
and those which, perhaps, are destined one day to accomplish its 
final destruction ? May not the stars, those suns without number, 
which guide the mariner in the midst of the pathless deep, be in 
one moment extinguished by the fiat of the omnipotent Ruler 
and Maker of the universe ; and may not the arch of the globe 
upon which we stand, give way beneath our feet ? Is not the equi- 
librium of the oceans hable to be subverted ; and may not the foam- 
ing billows roll at some future day, over these continents which are 
now covered with the monuments of human industry and skill ? 
May not the earth be swallowed up by the sun, on approaching very 
near to it, hke a drop in the ocean ? How frightful would it be to 
exist in the midst of these perfidious elements, in the bosom of this 
perishable universe, without the consohng faith and confidence in the 
infinite wisdom, power, and goodness of a supreme Creator a^d 
Father of the universe, who directs the operations of nature, and 
hourly sustains, by stated laws, these mighty operations, for the well- 
being of the human race, making all things glorify himself, and pro- 
mote the improvement and happiness of his creatures. 

It is only the firm and unwavering belief in an order of things 
superior to matter, in a moral world, that can fortify us against the 
terrors by which our physical existence is everywhere assailed. 



DIVISION FIFTH. 



BOTANY. 



§ L — Preuminary Remarks. 

It is the province of the botanist to examine in detail the treasures 
of the vegetable kingdom : the business of phjrsical geography is 
only to mark its general arrangements. And here, it finds abund- 
ant reason to admire that Divine Wisdom which presides over the 
constitution of the globe. 

That certain vegetables are confined to certain districts, depending 
in a great measure upon soil and climate, must be familiar to most 
inquirers into the works of natm'e. With regard to climate, the two 
extremes are represented by the countries within the tropics, and those 
which surround the Poles. In one, nature exhibits herself in her 
most lovely, exuberant, and magnificent form, and the earth is cov- 
ered with vegetables which indicate a never-ending summer ; whilst 
in the others, a short summer calls into life a few tliinly scattered, 
small, and stunted plants, which scarce rise above the mosses and 
lichens that surround them. The intermediate zones will be found 
to be occupied by other races, gradually, however, increasing in differ- 
ence as they approach to one or other of these extremities. The 
same gradation may be observed on a lofty mountain situated within 
the tropics. At its base may be seen those plants which are peculiar 
to the tropics, and the beauty, grandeur, and perpetual verdure, will 
gradually diminish in the ascent, until a soil and cHmate is found on 
the higher summits, similar, with regard to temperature and produc- 
tions, to those in the vicinity of the Poles. With regard to climate 
and vegetable productions, our globe has been properly compared, in 
its two hemispheres, to two immense mountains — such as we have 
just described — placed base to base, the circumference of which, at 
the foot, is constituted by the equator, and the two Poles represent 
the summits of these two mountains, crowned with perpetual gla- 
ciers. In other words, ascent above the 8ea\eNe\\TA\xKVic«^N^^<^vai^^^ 
preckely like recession from the equator. 
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That every country possesses a vegetation peculiar to itself, is also 
well known, and this is particularly the case with countries whose 
natural boundaries are formed by mountains, seas, or deserts, in the 
same, or ditferent degrees of latitude. Europe exhibits a widely dif- 
ferent class of plants from that part of North America which lies 
immediately opposite to it. 

The botany of Southern Africa has little or no resemblance to 
that of the same parallels in South America, or New Holland. Nay, 
in England alone, there are some plants which are confined to the 
eastern, and some to the western side of the kingdom. Nature has 
constituted the barrier ; for, by art, they may be cultivated on either 
side. 

Botanical geography is occupied with considenng the range, or 
country in which plants grow, the pecuUar circumstances under which 
they flourish, and deducing general laws from the facts thus col- 
lected. 

Vegetable geography is intimately connected with Jiorticultupe ; 
and in proportion to our knowledge of the relations of plants to the 
surrounding elements, will our gardens be stocked with fruits, vege- 
tables, and flowers, our fields with grain, and our pastures with 
grasses. The importance of the subject is obvious fi-om the feet 
that man is wholly dependent, either mediately or immediately, for 
his very life, upon the vegetable kingdom. 



§ II. — Influence of Temperature on Plants. 

Heat is a most obvious and powerful agent in affecting the existence 
and growth of plants ; and of this we have continual experience before 
our eyes. In winter all vegetation is at a stand, and we can only culti- 
vate those plants which are in a continual state of vegetation, by artifi- 
cial heat. Plants are nourished through the agency of water ; hence, 
vegetation is arrested when the temperature is below the freezing point, 
for the water, becoming solid, cannot circulate through the vegetable 
tissues. Again, in the great deserts the heat and drought are so excessive 
that they dry up the earth, and even deprive the air of most of its water. 
Hence, there is no vegetation. These effects are more remarkable 
on the surface of the earth than at a great depth. Hence, if there 
be trees whose roots peneti-ate deep into the soil, and reach a tem- 
perature greater in winter than that of the outer air, so that the 
fluids imbibed keep their interior at a degree of heat nearly the same 
as that indicated by a thermometer placed at their roots, such trees 
resist the extremes of temperature better than those whose roots are 
near the surface. 
Powerful summer heats are capa\Ae oi cscvxsvci^ \i^«b» «cA ^]brob& to 
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ondure the trying effects of cold in the ensuinf^ winter. Hence, in 
Britain, so many fruit trees are affected by mw.erate frosts, while on 
continents the same trees arrive at the highest degree of perfection, 
in the corresponding latitudes. Even at Paris, the oleander will not 
bear in winter. For the same reason, the weeping willow becomea 
a large tree in England, while in Scotland, in parts where the winters 
are just as mild, but the summers much cooler, it requires the most 
favorable situations, and even then languishes. 

Nothing affords a more striking proof of the influence of temper- 
ature on vegetation than a high mountain in the equatorial regions. 
Under the burning sun of the region at its base, bananas and plan- 
tains grow profusely ; a little higher up, occur oranges, limes, and 
figs. Then succeed grape vines, fields of maize, and luxuriant wheat. 
Above these, flourish rye, barley, apples, and pears. The grasses 
extend a httle further, and the series is closed with mosses like those 
of the arctic regions ; these extend to the snow-line. The changes 
in the forest trees are equally striking, from the palms and tree-ferns 
of the plains, through chestnuts, oaks, benches, and birches, till we 
come to the cold-loving pines. In ascending the mountains of the 
temperate zones, the variety is rather less, but the changes are equally 
striking. We may begin the ascent of the Alps, for instance, in the 
midst of vineyards, and pass through a succession of sweet chestnuts, 
oaks, and beeches, till we gain the elevation of the pines and stunted 
birches ; and at length we tread on pastures fringed with perpetual 
snow. 

The celebrated traveller and botanist Tournefort, found at the base 
of Mount Ararat the common vegetable productions of Armenia; 
half-way up, those of Italy and France ; and towards the summit, 
those of Scandinavia. 

The influence of temperature upon the distribution of plants, is 
distinguished by De Candolle under three heads, viz. : — 

1st. The mean temperature of the year. 

2d. The extreme temperature, whether in regard to cold or heat. 

3d. The distribution of temperature in the different months of 
theyear. 

lie mean temperature, which has long been considered of great 
importance by the physician, is in reality of the least importance, 
wim regard to the geography of plants. It is often determined by 
circumstances so widely different, that the consequences and analo- 
gies to be deduced from it relative to vegetables, would be very erro- 
neous. 

By attending to the exti'eme points of temperature, results more 
limited, but fax more exact, are to be obtained. Thus, every locality 
which, though at short intervals, affords a degree of cold ot \\ft»J^ 
intense in degree, cannot Ml to produce \)\aii\a NrtsidSa. tjct^ Q.«^ai^<^ <i^ 
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supporting these extreme degrees. By artificial means many planta 
may be nourished and brought to perfection in temperatures very 
differe t from those of which they are natives ; and, also, such plante 
can be obtained and propagated, as could not there exist in a wild 
state. But this acchmation of plants has ite limits, and some have 
never been raised by human art beyond their natural ranges, although 
many attempts were made to that effect. Where the chmate and 
other circumstances are favorable, exotics mingle with indigenous 
plants, and thrive quite as well. They sometimes grow in a climate 
not fevorable ; but they do not flourish, and their characteristic prop- 
erties are apt to change. Such are the cloves and nutmegs of the 
Moluccas, and the cinnamon of Ceylon. 

The distribution of heat at different months of the year, is found 
to be of the greatest importance with regard to vegetable geogra- 
phy. Some climates are eminently uniform. Ascertain mean tem- 
perature is produced by a mild winter, and a moderate degree of heat 
in summer. This is often the case on the sea coasts, extremes of 
heat and cold being moderated by the sea, which, hke a vast reser- 
voir of equal temperature, imparts to the land heat in vnnter, and 
cold in summer, and enables even tropical plants to exist in some sit- 
uations of the temperate zone. Such are the western shores of 
Europe and America, and a great portion of the southern hemisphere. 
A similar mean temperature may be produced by a combination of 
severe winters with very hot summers ; as in the great continents 
compared with islands, or the eastern side of those continents com- 
pared with the western, or the northern with the southern ; but these 
two climates will produce very different vegetation. 

Annual plants, which require heat to ripen their seeds, and are 
torpid in winter, abound most in those climates where extremes are 
greatest ; while perennial plants are found most flourishing in tem- 
perate climates. Evergreens are most abundant where the temper- 
ature is most uniform. 

The greatest number of species of plants is found within the trop- 
ics ; and the proportion which the woody species bear to the herba- 
ceous, annual, biennial, and perennial plants, decreases from the equa- 
tor to the Poles ; but, as an equivalent, the proportion of perennial 
to biennial and annual plants goes on increasing in the same direc- 
tion. Near the extreme Hmits of vegetation, they are reckoned two 
to one. 

We must not conclude that tlw same degree of elevation in cor- 
responding degrees of latitude, is necessarily suited to the vegetation 
of the same plants ; for the various circumstances formerly discussed 
may modify the degree of heat at the same elevation. 

The depth of the valleys influences vegetation ; the deeper they 
an, the more intense the cold on \]b!^ ^\vmxxvit& of the neighborinf 
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mountains, becanse the less heat is reflected upwards from their sides. 
Thus the pine does not thrive on the Bregel Mountains at a height 
of 5,100 feet ; but it succeeds perfectly, at the same elevation, on 
the Khetian Alps. . The valleys surrounding the former are much 
deeper, and consequently they are much colder, than the latter. 

When accompanied with humidity, even a high degree of heat 
does not destroy vegetation. Thus we see plants grow, not only on 
the borders of hot springs, but even beneath their waters, whose 
temperature we should be apt to suppose fetal to all vegetable life. 
Examples of this kind occur in every quarter of the globe. 



§ III. — ^Influence of Light. 

The influence of solar light on vegetation is as important as that 
of temperature, though it acts less powerfully on their geographical 
distribution. It is an agent which operates in producing some of 
the principal changes in vegetable life. It influences the absorption 
of plants ; for they imbibe less humidity in darkness than in the day. 
It regulates the watery exhalations of the green parts of plante, 
which exhale little during the night or in dark places, but very freely 
during the day, especially in the sun. 

light is essential to the decomposition of the carbonic acid in the 
tissues of plants, and consequently to the deposition of carbon, the 
main part of their nutriment. The oxygen is returned to the air, 
being exhaled, from the leaves and green parts. This is effected 
only by solar light, and it has been found that the change is pro- 
duced solely by the yellow rays. The formation of the cMorophylley 
or green matter of plants, is entirely dependent on light ; and it 
ceases to be produced whenever the light ceases to shine on the 
plant. Light is also the cause of plants opening their leaves and 
blossoms, which frequently close afl^r sunset and open again next 
morning. Some plants, however, seem to be affected by other be- 
sides solar light, — and perform their functions during the night 
Tliese form but a very small proportion of the vegetable kind. The 
sleep of plants is simply the suspension of their ordinary functions, 
owing to the absence of that kind of light necessary to their per- 
formance, although the variations of temperature have probably 
some influence. In the countries situated under the equator, an 
intense light, as it acts more perpendicularly, influences vegetables 
almost equally, during twelve hours in the day, through the whole 
year. In proportion as we recede from the equator, the intensity of 
oblique scuar rays diminishes gradually till we come to those regions 
where solar light is completely wanting dwrvu^ vrvvi\fcT.,\»\3\» ^^'si?^ 
Ibe eoM would render it nearly useless to "pVaiiXa, «s^^ '"^ ^<s^ ^sA 
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not shed their leaves. We may now understand why plants whifiii 
lose their leaves, can better exist in northern countries, while evo^ 
greens, or those whose vegetation is continual, exist better in southern 
regions. They are arranged accordingly. Those plants, again, 
whose foliage and flowers maintain habitually and constantly the 
same position, flourish in northern climates where the light is lumost 
continual in summer ; while it is in the regions of the south that we 
find those species which are remarkable for the alternate closing and 
expanding, or sleeping and waking, of their flowers ; a motion which 
has an intimate connection with the alternation of day and night. 
Thus we see why it is so difficult in countries remote from the 
equator to cultivate tropical plants. It is not the want of heat, bat 
of sufficient solar light, which prevents the vine from ripening its 
fruit in Normandy, or southern England, where it is foggy ; it is the 
long and uninterrupted action of the sun's colored rays, and not his 
heat, which causes the rapid development of Alpine plants in high 
northern regions. Plante, therefore, are arranged in their different 
locaUties according to the quantities of light which they require. 
Those with very watery leaves, or those which, having few organs 
of evaporation, need a strong stimulus to determine their action ; 
those which have a tissue abounding in carbon, or those which con- 
tain very resinous or oily juices, or offer a large extent of green sur- 
.fece, — all these require much light, and are found in open or 
exposed places. The rest, according as they are more or less dis- 
tinguished by these properties, exist under the sUght shadow of 
bushes, hedges, walls, or forests ; or as is the case with many fiingi, 
in caves and darkness. The last are destitute of green color, being 
usually of a dingy white ; but mosses, ferns, and some evergreens, as 
the ivy, flourish best, where plants that vegetate only in summer 
could scarcely live. 



§ IV. — ^Influence of Wateb. 

Water, being the vehicle by means of which much of the nour- 
ishment is conveyed into plants, is not only of the highest import* 
ance in vegetable economy, but one of the causes which affect most 
powerfully the geographical distribution of plants on the surfoce of 
the globe. Those vegetables in particular absorb a great quantity 
of water which have a spongy, cellular texture, or are furnished 
with large, soft leaves, or whose roots are very numerous, or of 
rapid growth. Plants of the opposite nature require dry situations. 
Great differences, however, are produced, according to the nature of- 
the water which is absorbed ; the less it is charged with nutritive 
principles, the more necessary it is i^a\> Vk^ \Q^\;aX^<^ ^e^ ^SgmxV 
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in a ^ven time, enough to suflSce for its support. Again, the more 
the water abounds with substances whicli alter its fluidity or tran- 
sparency, and tend to obstruct the orifices of the pores, the less do 
such vegetables absorb in a given time. Snow is, upon the whole, 
beneficial to plants, by protecting them from tlie frosts of wint<'r, 
and we may often observe in the spring that the spots covered 
with snow are the first which put forth grass. The careful farmer 
well knows the value of snow in preserving his wheat from being 
winter-killed. 

The nature of the substances dissolved in the water has a great 
influence upon the topographical distribution of plants. The matters 
so dissolved are chiefly carbonic acid, atmospheric air, animal and 
vegetable substances, and alkaline or earthy substances. Those 
plants whose cellular tissue is found to contjiin much carbon, such 
as trees containing hard wood, avoid more than others, the \icinity 
of waters which are very pure, and which contain little carbonic acid 
gas. Plants which exhibit much nitrogen in the composition of their 
secretions, — «uch as fungi and cruciferous i)lants — seek those spots, 
where there is animal matter in solution. Those again which pre- 
sent, when chemically analyzed, a considerable quantity of earthy 
substances, such as silica in the grasses, Hme in pea-straw, &c., 
will require a greater proportion in the soil they occupy ; and if this 
be naturally deficient, it must be supplied artificially before they can 
flourish. Those species which yield when burned a larger portion 
of alkaline substances than usual, can only live where these matters 
abound. The species which have need of carbonate of soda will 
only grow successfully near the sea or saline springs. But all such 
8ul»tances can enter the tissues of plants only by being dissolved in 
water : and hence the difterent property of the substances dissolved 
in the waters is one of the many causes which determine the stations 
of plants. 

In some cases water holds in solution substances unfavorable to 
vegetation of any kind, such as sulphate of iron, or green vitriol. At 
other times it contains some substance fatal to one class of plants^ 
which has no influence on others. Thus, the presence of some sub- 
stances in water, as well as the absence of others, determines the lo- 
caUty of plants. 



§ V. — Influence of Soil. 

The tissues of all plants are composed of liffnin or cdhdose, a com- 
pound of carbon and water : hence, it is not surprising that plants 
should thrive for a time without any apparent ivv\lxVva^?[vV"W\.^^NivRX^ 
nnoe this element alwnys cont^iins more or Acsa c».\\>omc. ^x^^-^v^^wi^ 



288 BOTANY. 

the plants could obtain carbon ; and they also absorb the same gas 
freely from the atmosphere. But the woody tissues, flowers and 
seeds of plants, store up witliin their cells various other substances, 
very different in composition from lignin ; and the amount of the 
several elements required for this j^urpose, varies greatly in different 
species of plants. Thus, 1,000 lbs. of wheat contain only 2^ lbs. of 
potassa, while the same weight of potatoes contains upwards of 4 lbs. 
1,000 lbs. of peas-straw contain 27-J lbs. of lime, and only 10 lbs. of 
sihca, while the same weight of wheat straw contains nearly 29 lbs. 
of silica, and scarcely 2^ lbs. of Hme. Thus, we may see, that wheat 
cannot possibly thrive without an abundance of silica, nor peas wiUi- 
out an abundance of lime. 

The substances secreted by plants are almost as numerous as the 
genera : for, there Is scarcely any genus of plants which does not 
contain some chemical compound pecuUar to itself. Besides the 
compounds just mentioned, plants contain soda, magnesia, alumina, 
oxide of iron, sulphuric acid, phosphoric acid, chlorine, <fec., although 
these are generally chemically combined. All these ?re obtained by 
plants exclusively from the soil ; and, hence it is evident, that, if the 
soil should not contain what the plant requires, it cannot flourish. 
Plants, indeed, have a power, to a small degree, of substituting one 
substance for another which is similar to it : thas, if they cannot find 
a sufficiency of potassa, they will sometimes take an extra quantity 
of soda, instead : but this power is limited, and cannot be carried to 
any great extent without destroying the \'igor of the plant, and viti- 
ating its products. Much of the art of agriculture consists in sup- 
plying, in the form of manures, those substances required by the 
future crop. 

It is not sufficient, however, that the soil should contain the ele- 
ments required by plants : they must exist in it, in such a form as to 
be available. Quartz rock, for example, consists mainly of silica ; 
yet, it is in such a form, that it cannot enter into the tissues of plants. 
The substance, in short, must be in such a form, that it can be dis- 
solved by water, which is the sole medium of conveying nutriment to 
pLmts from the soil. Hence, the form is here as important as the 
substance. 

Some plants, again, have a power of absorbing nutriment, and 
flourishing where others die. Thus, many species of moss will thrive v"i 
in the soil formed from granitic rocks, by the action of atmospheric 
agencies, ^^^thout any intermixture of decayed organic matter, while 
no tree will live in such circumstances. Amidst lavas, and other bare 
rocks, therefore, nothing but the humble plants will grow, till their 
decomposed remains have accumulated sufficiently to support the 
more complex plants. 

The 8oU serves as a means of swp^Tt to vegjetables, and conse- 
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qpently its conaistenoe must possess a peculiar fitness for sustaining 
mants exhibiting very various forms. Thus, soils composed of blow- 
ing sand, can only support vegetables' which are of humble stature, 
and flat and spreading growth, (so that the wind cannot blow them 
away,) or trees fiimished with very deep and branching roots. The 
contrary holds good with regard to very compact soils. The two ex- 
I tiemes of these soils are apt to present a scanty vegetation. Moving 
I sands are subject to rapid currents ; clay of a very compact nature, 
[ or rocks of great hardness, are equally unfriendly to vegetable growth. 
^ Where the soil is very close and tenacious, it offers too much resist- 
ance to the spread of roots, and excludes the free access of air, which 
is as necessary for plants as for animals. 

Different soils act upon vegetation according as they absorb, re- 
tain, or part with the suiTounding water, more or less easily. The 
- I celebrated Kirwan ascertained, by a comparative analysis of earths, 
J» 1 which were considered excellent for wheat, in various countries, that 
^ ! they contained more siUca, if the climate is subject to rain, and more 
'J : alumina if the contrary was the case ; and, in short, that the soil, to 
*?^ i be good for any given vegetable, ought to have the power of ab- 
*"• I Borbing more moisture in a dry climate, and less in a humid one : 
*^1 Whence it is plain, that in different localities, the same species of 
. Hegetable may be found in diftbrent soils. 

^v I Every kind of rock has a certain degree of tenacity, and a certain 

'. . (disposition to decompose, or become pulverized, whence results the 

' Igreater or less &cility of particular soils to be formed either of sand 

^1?" u ff***^^^ *^*^ composed of frao^ments of a determined form, <fec. 

"^® piose soils which decompose rapidly, furnish abundant nutriment for 

le support of plants, while those which are disintegrated slowly can- 

>t support a luxuriant vegetation. 

Some rocks are more susceptible than others of being heated by 
le direct rays of the sun, and consequently may, to a considerable 
igree, modify the temperature of a given place, and thus influence 
le Gh(uoe of plants capable of thriving upon them. 

_ 1 8 VI. — ^Atmospheric Influences. 

. audi 

i^^^\9 The atmosphere, in its pure state, is at all times composed of the 
hertCime pjroportions of nitrogen and oxygen, and therefore, in this state, 
whiw^ influence upon all vegetables is similar. But the atmosphere, also, 
r barelQ^ (Jiff^rent degrees of transparency or density ; other substances 
^ v!!!l ^^ ^^ ^^ certain places, and render it more or less suitable to 
^ ^ktain species of plants. In mines, for instance, the c^uanut^ ^^ ^^^*^~ 

fcic acid gas, or of carbureted hydrogen, may \>ci %o ^^^-aX. ^i& 
^°^^; produce vegetation altogether^ or only to T\o\mA\v «vxc^ -^acv^a «& 
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absorb these substances especially. The air charged with saline 
emanations from the sea, injures some plants, and on the other band, 
encourages the development of 6thei*s ; as may be seen in the vall(*ys of 
the south of Europe, where some maritime plants may be cultivated 
at a great distance from the ocoan, j)ro>'i<lo(l thoy lie open to the sea, 
and are exposed to ^vinds that blow from it. Sulphurous fmncs, and 
many others pernicious to animal life, have no j)erceptible bad effects 
on plants. 

The most general influence exercised by the atmosphere, however, 
is its power of containing and parting with moisture. Tlie atmo- 
sphere is habitually charged \vith moisture ; sometimes in such a 
manner as to be invisible, and then only ascertainable by the instru- 
ment called hygrometer. At other times the moisture is visible, in a 
state of vapor, or dew. AVc find that vegetables, in general, flourish 
better in a climate whore, at a given degree of temperature, tlie air is 
moderately moist, than in one where it is cither too much saturated 
with moisture, or too dry. 

The agitation of the air by winds, and other causes, exercise an 
influence over vegetation, by cooling at one time, and warming at 
another, — ^now bringing moisture, and now remo\ing it ; and by con- 
veying seeds to distant parts. 

Of all the atmospheric influences, the most difficult to reduce to an 
ascertained value, is that of denbity. In pro]X)rtion as w^e are ele- 
vated in the air, the teinpi^ratnre, jis well as the moisture, continues 
to diminish ; and honco, it is difiicult to detonnine how much may 
be due to diminishod d<*nsity alone. The facts that go to prove, that 
the diminution of the tcm]>erature upon high mountiiins, is one of 
the causes which aftcct the distiibution of vegetables, are the follow- 
ing : 1. The natural situation of each plant, at a determined eleva- 
tion above the level of the sea, is so nnich the greater, in projK>rtion 
as the country is nearer the equator, and less in more temperate re- 
gions ; that is, the further we roct'de from the equator, the gi'oater 
influence has the exposure upon the temperature. 2. In temperate 
clhnates, those plants that are nut influenced by t(nnjK*rafure, ai"0 
fouii4 on the summits of the highest mountains, where there is not 
j)erpetual snow. Thus, the birch, heath, and juniper, grow from the 
level of the sea, to the height of 10,000 feet. 3. The elevation 
above the level of the sea, ] produces eft(.*cts precisely analogous to 
those which i^\snlt from distance from the equator. In pror ;n a-* 
we rise in the air, the density is diminished.* 4. In j)ro|V .uon to 
the greater height upon the mountains, so wilj.r.^1^, Jiydronieter be 

* The ijitensity of light i.^ increased thcoreticiiUy Rfr^we asccml ; but wo 
kr f'ifrom otbvr circuin«tances, t\vat tW sitmsAI dlfferciweu in tliis element am 
ice no sensible cft'ect. 
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seen to indicate a less degree of humidity. The same general effect 
takes place as we rece<lo from the equator to the Poles. 5. If plants 
which, according to their nature, avoid either too high or too low 
ft degree of temixjratm-e, yet grow at different hititudes, it is at heights 
where the effect of elevation may compensate that of latitude : thus, 
the native plants of the northern plains will be found to flourish on 
the mountains in the soutli. 6. On mountains covered with per- 
petual snow, where the plants are constantly moistened with water 
m a freezing state, those to which a warm temperature is unfriendly^ 
will live at inferior heights to those which they brave in the same 
latitude when tliey are not watered from these cold sources. 

It would appear, then, from all these obsersations, that the situa- 
tion or fixed locality of plants at certain heights, depends mainly on 
the fall of the temi)erature attributable to that elevation. 

The rarefaction of the air can, therefore, directly influence vegeta- 
tion, only by causing it to absorb a greater or smaller degree of oxy- 
gen, during the time of fructification. The analogy of animal res- 
piration, however, leads us to conclude that this influence is very 
unimportant Rarefiiction, again, fiivors increased evaporation, by 
diminishing the pressure which checks it ; and this effect must have 
some influence, although we know of nothing which proves that it 
is extensive. 



§Vn. — Station and HAnrrATiON of Plants. 

Tliese are both important ; the former implies their situation as 
regards local circumstances, and the action of physical causes on 
vegetables ; the latter implies the geographical position. When we 
say, for instance, that such a plant is found in marshes, in woods, or 
on mountains, in England, France, or North America, we mean what 
is called station, by the first, and habitation by thedast. Particular 
plants have their stations on the mountains, and their Jiabitations in 
America ; so that if we say such a plant grows on the mountains of 
N. America, tliis expression indicates both its station and habitation. 

The seeds of plants, by varied and beautiful means, are widely 
dispersed by the hand of nature ; while some fall on barren ground, 
otheis take i*oot in situations harmonious to their nature, and pro- 
duce, some 30, some 60, and 100 fold. There are tribes of plants 
wh.. :-icmder these circumstances, increase so prodigiously, that they 
destroy weaker vegetables, and appropriate to themselves a great 
extent of the "' 'ce of the earth. Such are termed by llum- 
boldt, *' social {'•in;..'' Of this family, are the elymus arenarius^ 
or "sea limegTcJ:.,," and marram, or sea-reed, a\ao ca^<^\ axutx^^y- 
wrenarius,'" which occupy a j)rodigious sutfecft oi ^wcv^s ^\^^ *^ 

11 



84S BOTAKT. 

the exclusion of all others, their long, creeping, entangled loote 
binding the sands together, and thus forming a barrier to the en- 
croachments of the sea. Such also is the purple heath, which covew 
sterile moors in several paiis of Northern Europe with a coarse, but ' 
pretty flower. The flowers of the gentian cover with a carpet of 
brilliant blue, tlie sides of the Alpine Hills, in Switzerland, and the 
south of Euroi)e. Some of these plants are constantly striving to 
obtain a victory over their neighbors, till the strongest win the 
ground, and destroy the rest. Many low, perennial, and herbaceous 
plants are overpowered by a colony of taller shrubs, such as whin, 
furze, and broom ; and these, in turn, give place to trees and shmhfi 
of a larger growth. 

There are many situations which produce only one or two kinds. 
The snow, in the highest arctic regions, has been discovered by en- 
terprising travellei"s, to nourish and bring to perfection that highly 
curious vegetable called palmella nivalis. This minute fungus veg- 
etates on the surface of snow as its natural abode, which gives the 
snow the red appearance that so surprised its early observers. The 
truffle, or tuber cibarium, is found entirely hid beneath the sur&oe 
of the earth, for whicli, in France, Httle dogs are trained to search 
and bring to light, for culinaiy purposes. 

Some fungi are detected growing upon the dead horns and hoo& 
of animals, and upon dead clirvsal ides. Both fungi and mosses grow 
on the eai'th thrown out of stables, and other animal deposits. Pa- 
per nouiishes the minute conferva dendroidea ; and window glass, if 
laid by in a moist place for a certain length of time, produces the 
conferva fenestralis. Wine casks, in damp cellars, produce the plant 
called racodium cellar e ; and Dutrochet, a great botanist, has de- 
tected living vegetables in Madeira wine, and in goulard water. All 
these may be numbered among the extraordinary stations. 

Plants, with reference to their stations, may be divided into the 
following classes : — 

1st Maritime plants. — ^These are terrestrial, but grow on the sea- 
shore, or near salt lakes, as the saltworts, glassworts, &c. ; hence 
these plants abound in the interior of Africa, and the Russian do- 
minions, where there are salt hills. 

2d. Marine plants, — This tribe is chiefly cryptogamic, and com- 
prises the algje, fuci, and ulvae. The phaenogaraous, or perifect marine 
plants, are the sea wracks, and a few others allied to them. 

3d. Aquatic plants growing in fresh water. Both running breams 
and stagnant water abound in plants. Some are quite submerged, 
but, with the rare exception of the Httle awlwort, the flowers rise to 
the surface for fructification. 

4th. Marsh or swamp plants, 

^th. Meadow and pasture plants. 
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8th. Meld plants. — ^This tribe often includes such as, being intro- 
duced with grain, are equally placed there by the hand of man. 

7th. Mock plants — which include the natives of very stony spots, 
and such as grow upon walls. These, though artificially oonstnicted, 
are known to produce many plants in greater perfection than natural 
rock ; but we must not suppose that any vegetable is confined to this 
habitation. Ihe draba muralis, and holosteum umbellatum, are ex- 
amples of this tribe in England ; and among the mosses, the grim- 
mia pulvinata, and fortula muralis, &c. 

8tii. Sand plants, 

9th. Plants of dry moors — where heatlis abound. 

10th. Plants attacked to the vicinity of man — such as dock, net- 
tle, 4fec. These species follow human footstep even to the huts and 
cabins of the highest mountains, encouraged, perhaps, by the pres- 
ence of animal substances, and the nitrogen which is known to abound 
in them. 

11th. Forest plants — consisting of such trees as hve in society. 

12th. Plants of the hedges — as are many climbing plants in Eng- 
landy such as honeysuckles, travellers' joy, &c. 

13th. Subterranean plants — those that live in mines and caves, 
and which, though numerous and important, are cryptogamous. One 
species, a fungus, yields a pale, phosphoric light, of considerable 
intensity. 

14th. Alpine plants^ or mountain plants — for the limit that di- 
vides these must depend on latitude. A plant which inhabits the 
loftiest Alps of the south of Europe, will also live on a slight eleva- 
tion in Norway and Lapland. Again, upon mountains that have no 
perpetual snow lying upon them, al})ine plants will l>e found much 
nigner, than on such as have jxM'petual streams of cold snow water 
descending from them, since these affect the atmosphere at much 
lower regions. 

15th. Para^tic plants — such as the mistletoe, the various species 
of lauranthus, and that most wonderful of all vegetable productions, 
the ra£Besia amoldii. These, as their names imply, derive nourish- 
ment from a living portion of the vegetable to which they attach 
themselves. This is also the case with many fungi which subsist 
on the living foliage of plants, some on the upper, and some on the 
under side of the leaves. 

16th. Pseudo^rasites — a very extensive tribe, which subsist on 
the decayed portions of the trunk or branches of trees, such as many 
mosses, lichens, &c., or such as are attached simply to trees, or other 
substances, without obtaining any nourishment from them, but from 
the surrounding element. Among this tribe, may be ranked the 
numerous and singular family of the orchid», called, ^toTKv 'CokKvx. ^"ar 
ture and property^ nir plants. 
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Greatly as the preceding list might be increased, we see there ii^ 
even here, a gradation and approximation of one tribe to the other. 



§ Vin. — ^Transmigration and Classes of Plants. 

To what extent plants migrate, unaided by man, it is difficult to 
say ; but they arc supposed to be aided by the following causes : — 

1st. The sea and its currents, though to a limited extent ; for if the 
seed be of such a nature that the water penetrates its integuments, 
it perishes. Yet to so great a distance are seeds carried by the sea, 
that upon the coasts of Britain, of Iceland, and of Norway, are seedci 
of plants that gi'ow in the West Indies frequently cast, and some- 
times in a state of vegetjition. 

2d. Rivers, by the constant movement of their waters, carry many 
plants to a great distance ; and the banks of streams usually contain 
a more varied vegetation than districts remote from them. Thus, 
too, are sassafras and other plants washed down from mountains into 
valleys, and flourish there. 

3d. Winds, which waft the light, winged, and downy seeds to 
immense distjinces, by which means they are widely dispersed. 

4th. Animals, which, in wandering about, often carry m their ooats 
the seeds which Lave hooked bristles. 

6th. Birds which swallow berries and other fmits, and cast the 
seeds on the ground in a state peculiarly adapted to germination. 

Man is, however, the most active agent in dispersing, and, by cul- 
tivation, improving plants. The ])otato, for instance, which is a 
native of South America, and was first found there, is cultivated all 
over the world. Wheat is supposed to be indigenous in Tartary, 
rice in China. These and many others have been conveyed fiup 
beyond their natural habitations, and become naturalized there. 

There are, however, limits to migration. The sea is an obstacle 
to the migration of some plants. Dry and burning deserts prove a 
powerful obstacle to the transportation of seeds. Thus, tliose dis- 
tricts of Africa whicli are sejmrated by the Sahara, have a distitict 
vegetation ; so that the plants of Morocco and the north of Africa 
have Kttle resemblance to those of Senegal. Mountiin ranges form 
another obstacle. Thus the plants on the Ittilian side of the AIjh 
are quite difterent from those on the Swiss side, lliose Wlongiui; 
to the Spanish side of the Pyrenees are distinct from the plants «.>n 
the French side. The vegetation on one side of the Kooky Mt^inv 
tains, was found by the enterprising Drummoud, to be perfectly dis- 
tinct from those belonging to the other. 

All plants are divided into two great classes, flovferless^ acoiyle-^ 
(fo^iot^sor cryptof/amfMSy andyioioerinf/,cotyledoafMni& ca^VKoBw^gaTwow* 
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plants. Of flowering plants there are two great subdivisions, monoco- 
tyledons or endogens (in-growers,) and dicotyledons, or exogens (out- 
growers.) The number of species at present known exceeds 150,000, 
df which about 15,000 are cultivated. 

Acotyledons are those plants which have no cotyledon or embryo 
leaf to the seed, and show no plumule in sprouting. These are 
all small plants, of simple structure, and destitute of hard, woody 
tissue. Mosses, sea-weeds, mushrooms, ferns, <fec., are included in 
this class. Monocotyledons are those whose seeds have one cotyle- 
don or embryo leaf; such as gi'asses, rushes, corn, reeds, and palms. 
Dicotyledons are plants which have two cotyledons to the seed, 
Mich as most of our trees and shrubs, and many herbaceous plants. 
This class contains many more species than the preceding. Each of 
these orders of plants possesses external charactei's and have not 
only a pecuhar station, but their geographical distribution is differ- 
ent Monocotyledons grow from within ; dicotyledons grow by the 
addition of an annual layer from without 

The acotyledons increase in number as we recede from the equa- 
tor, except the ferns, which are most numerous there. Among the 
monocotyledons, the palms are exclusively confined to the warm 
regions. The siliceous plants abound there. The dicotyledonous 
j^ts are most widely distributed, and abound in temperate and 
tropical chmates, but most in the former. The leguminous plants, 
to which belong the bean and pea, <fec., abound most in tropical 
n^ons, and diminish as we recede from the equator. The umbel 
l&ous and cruciferous plants are very rare within the tropics, except 
QD the mountains. They abound in the south of Europe, and espe- 
cially about the valley or basin of the Mediterranean. Anti-scorbu- 
tic plants, so useful to the mariner after long voyages, abound every- 
where. Providence having made most ample provision for every 
human want 



§ IX. — ^Botanical Regions. 

To divide the globe into botanical regions is not difficult, as cer- 
tain countries possess a peculiar vegetation, and numerous impedi- 
ments prevent migration ; while certain tribes of plants are incora- 
patiUe with certain climates. M. de Candolle has described twenty 
of these regions, — ^Avhich contain each a distinct vegetation. They 
are as follows : Ist The hyperlmrean region. This region includes 
the northern exti*emity of Asia, Europe, and America, and gradually 
merges into the following. 2d. The European region, comprising 
all £urope, except the part bordering upon lYv^ TcAca^ «sA *^<^ 
waHibem dSetrietB bordering on the MediterranQaxv. O^i^'^^^^*^ 
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extends to the Altaian mountains. 8d. Tlie Siberian region, oom^ 
prising the great phiins of Siberia and Tartary. " 4th. The Mediter- 
ranean region, comprising all the basin of that sea, viz. Afiiai, north 
of the Sahara, and that part of Europe which is sheltered from the 
nortlj by a continued range of mountains. 5th. The oriental region, 
thus called relatively to southern Europe, .and containing the coim- 
tries bordering upon the Black and Caspian Seas. 6th. India with 
its archipelago. 7th. China, Cochin-China, and Japan. 8th. 
JN'ew Holland. 9th. The Cape of Good Hope, or southern ex- 
tremity of Africa beyond the tropics. 10th. AhT/ssinia, Nubia^ 
and the Mozambique Coa^t, imperfectly known. 11th. EquinoctMJal 
Africa, viz. the neighborhood of the Congo, Senegal, and Niger 
rivers. 12th. The Canaiy Islands. 13th. The United States of 
America. 14th. The western and temperate coasts of ITortk 
America. 15th. Tlie West India Islands. 16th. Mexico. I7th, 
Troincal South America. 18th. Chili. 19th. Southern Brazil^ 
and Buenos Ayres. 20th. The countries around Magellav^B 
Straits. 

The preceding division of De CandoUe has been found to be too 
general, some of his districts containing various regions, each of 
which exhibits a peculiar flora. Professor Von MartFus, of Munich, 
makes 51 districts, m. 13 in Asia, 11 in Africa, 5 in Europe, 8 in 
South America, 4 in North America, 3 in Australia, Central Amer- 
ica, the West Indies, the antarctic regions, New Zealand, Tasmania, 
Paj)ua, and Polynesia. Even this classification is far from being suf- 
ficiently comprehensive : for Polynesia contains several botsmical 
regions, as well as the isles in the Pacific and Southern Ocean be- 
yond it. 

The plan of this work forbids us from giving a detailed account 
of the productions of the many regions above enumerated, even if 
it were likely to prove more interesting to our readers than we think 
it would. For such details we refer to the larger works of De Can- 
doUe and Lindley. We shall merely give a general ^^ew of the 
most interesting productions of the principal botanical zones of the 
globe. 

The empire of vegetation embraces the greater part of the globe, 
from beyond the polar circles to the equator, and from the summits 
of the Andes, where the lichen creeps over the hardest rocks, to the 
depths of the ocean, where fields of fuci and of algie gi'ow unseen. 
Cold and heat, light and shade, fertile lands and pathless deserts, 
have their respective flora, which thrives and prospers there. Let a 
volcano suddenly mise up from the bottom of the sea, above the 
boihng waves, a rock covered with scoriae ; or let the polypes elevate 
a Gat isle of coral, and perishing, leave it : organic force is instantly 
Jvadjr to produce vegetation upon ^eae lo^. ^j^iax^s^-^ \iaa» ^^ vx 
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Ottrna into contact with tlio naked roc*k, when, in cold climatos, there 
is formed upon it^ vsurfiujo, a iiet-vvoik of tufted threads, which ap- 
pear to the naked eye likii coloreil spots. Some of them are bor- 
dered by hnes, benduig outwards, sometimes single, sometimes 
double. Others are cut by furrows, which cross each other. As 
they grow older, their bright color darkens ; the yellow which shone 
to a great distance, changes to brown ; and the bluish gray of the 
leprariae insensibly acquires a tint of diu^ty black. The extremities 
•jf the older coverings approach, and mingle together ; and \iyk>ii 
ihia dark ground are formed new lichens of a circular form, and of a 
dazzling Avhiteness. It is thus that an organic net-work is WTought 
in successive layers. AYhere the majestic oak now raises its aerial 
head, slender lichens once covered the bare rock. 

In the toirid zones, the portacula, the gomphrena, and other low ^ 
plants inhabiting the shores, supply the place, and produce the ef- 
fects of lichens and mosses belonging to cold climates ; and moss, 
grasses, herbaceous and shiiibby plants, fill up the long duration be- 
tween the lichen and the oak. Wlience come the germs of those 
humble plants is not well known. 

The preceding observation tends to establish certain epochs in the 
history of the successive propagation of the plants which cover the 
earth. Doubtless, where vegetation had already thrown her ver- 
dant mantle over the primary and secondary mountains, the tertiary 
lands might still be seen scarcely dried, covered with muddy slime, 
and sown ^vith some languishing plants, rushes, mosses, and thick 
bushes of willows. 

We ought to look upon the great chains of mountains as so many 
centres whence vegetation was scattered over the rest of the globe. 
And, indeed, the chains of the Alps, of Mount Atlas, and Mount 
Taw-US, the central ui)land plain of Asia ; that of Southern Africa ; 
the Andes of South America ; the Alleghany Mountains of North 
America, are said to be the native land of the vegetables which 
cover the countries lying at their bases. Some botanical districts, 
however, seem to ha\'e no connection with mountjun chains : and, 
therefore, the i)receding opinion of Lacepede and Ramond must be 
modified, to make it harmonize with facts. 

We are lost in admiration, at the wonders that display themselves 
in the vegetable worid, and at the energy of that vegetative power 
which, amid such groat difierences of situation, sustains the modified 
hfe of each individual plant, in never-ending variety of forms, and 
continues its species in endless per^ietuity. Wherever circumstances 
are compatible Avith vegetable existence, we shall there find plants 
arise. It is well known that, in all places where vegetation has been 
established, the germs are so intermmgled with tlia «.o\!l^ ^Jc^a^ n^V^^- 
ever the earth is turned up, even from consideTS^^Ai^ ^<&^\2s:^^ «Si\ ^sir 
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posed to the air, plants are soon observed to spring, as if they had 
been recently sown, in consequence of the germination of seeds 
which had remained latent and inactive during the lapse of centuries. 



§ X. — ^Flora of the Polar Eeoions. 

In the remote polar regions there is little or no appearance of any 
vegetation whatever. The palmella nivalis, or snow-plant, presents 
the first indication of vegetable life. Then lichens appear, of which 
some species have been occasionally used for food by the adventurous 
travellers into those inhospitable regions, although they are neither 
palatable nor nutritious. Still further from the Poles, appear stunted 
birches and willows, which rise scarcely half a foot from the ground, 
though they trail along the earth ten or twelve feet When^w^^ 
come down further, they acquire a greater height ; fir-trees appear, 
and cloud-berries grow in abundance. This berry flourishes heai in 
the arctic regions, beyond lat 70^, although it grows on the north 
side of the mountains, in the Scottish highlands, in lat 57^. Imme- 
diately below the region of the cloud-berry, grow cranberries, wh<M^ 
tleberries, cow-berries, currants, and gooseberries. 

The flora of the arctic regions, though short-lived, is very brilliant| 
as one flower has no vigor to supplant another species, so that many 
kinds are found growing together. The constant glare of sunshine 
also contributes to impart liveliness to vegetation, and its freshness is 
not tarnished by slowness of growth : for a plant frequently grows, 
blossoms, ripens its seed, and dies, all within six weeks. 

The antsu-ctic regions present no such appearance, owing to their 
summers being much cooler ; for it is in that season alone tiiat polar 
vegetation exhibits any signs of life. For the same reason, the polar 
character of vegetation continues in the southern hemisphere down 
to a much greater distance from the Pole. Thus, the last trace of 
antarctic vegetation is found in the South Shetland Isles, in lat 60° 
S., while the north or old Shetland Isles, in lat 61°, produce grain, 
potatoes, and fruits. 

Barley grows in the Faroe Isles, and near North Cape, in hit 71°, 
while rye does not grow beyond the 67th, nor oats beyond the 65tb 
parallel of N. lat Barley requires more heat than either of the 
other grains ; but it grows fartlier north, because it ripens quicker. 
The potato grows under the 69th parallel. The northern parts 6[ 
Norway and Sweden are the only lands within the polar circle sus- 
ceptible of any tillage. 
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§ XL — ^Flora of the Temperate Zones. 

In passing from the arctic regions, we still find the willow, birch, 
and pine ; but they now attain much laiger dimensions. When we 
come down to the parallel of 60°, the oak, elm, maple, ash, and 
beech, begin to appear ; and wheat can be raised in favorable situa- 
tions. In Siberia, no grain can be raised beyond lat. 69^. The 
furthest limits of tillage in North America, hitherto, has been Cum- 
berland House, in lat 64° ; but grain could, no doubt, be raised 
much further north, particularly on the west coast. 

The north temjierate zone is the native region of the common 
bread grains. The mountains of l^ersia and Tartary are considered 
the original habitations of wheat, oats, and lye, while barley still 
grows jvild in Sicily. Maize is indigenous to the temperate regions 
oi North America. 

The forest trees of the temj^erate zones are mostly deciduous, the 
proportion of evergreens being comparatively small ; and the variety 
of the flora is not comparable to that of the torrid zone. Yet they 
produce in perfection the most nutritious grains, and abundance of 
fine fruits. The colder regions produce apples, pears, j)lunis, cherries, 
currants, gooseberries, and strawberries ; the warmer regions yield 
grapes, apricots, peaches, almonds, mulberries, figs, oranges, lemons, 
olives, and dates. The cork-oak is i^eculiar to the wanner rcj^ons of 
the north temperate zone, which also yields the finest cotton, and 
produces sugar, coftee, and rice. 

The general absence of severe droughts, frequently clothes tho 
ground throughout the year with a green mantle of verdure ; and 
no other part of the world is so well adapted for raising flocks and 
herds. 

The timber trees of the temperate zones hardly yield to those of 
tropical countries in real utility.* Here flourishes the oak, so long 
celebrated for strength and durability — the pine, so easily wi-ought 
into any form — the sugar-maple, which forms a substitute for the 
sugar-cane — the ash, in some respects superior to the oak — the box- 
wood, remarkable for its hard and close grain — and the cedar, whose 
durability is such that it has never yet been ascertained. Among 
the valuable herbs of temperate regions, are flax and hemp, which 
produce an immense variety of fabrics. They are raised between the 
30th and 60th parallel. Garden vegetables are numerous and ex- 
cellent, but so well known that they do not require to be enumerated. 

* In size, if they do not equal Bomc of tho largest tropical trees, they are 
by no means dhniimtive. Canadian cedars are found 15 feet iu dla.\\\vi.\&\\ 
antl i>iiio trees occur in California 26 feet in diameter, and ?>QQ i'ftfiX. \»3^, ^ 
haiffht never Burpasscd, and aeldoia equalled within t]hc tifo^vca. 

11* 
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The potato, now so extensively cultivated in the Old World, is a 
native of the warm and temperate regions of South America. 

The species of plants in the two continents generally differ, where 
the genus is the same. Thus, the oaks, pines, hazels, alders, and 
birches, of North America, are all specifically different from those of 
Europe. The forests of the former country present a greater variety 
of species ; and this seems to be the cause of the peculiar richnen 
and variety of tints observable in its autumnal forests, which uni- 
formly strike Europeans with admiration and surprise. Many genera^ 
however, are peculiar to each continent. Thas the numerous order 
of the cactacece is wholly American — and that of the auranttcuxcf^ 
(including the orange and lemon,) is nearly all Asiatic : — the tea- 
plant, again, is wholly Asiatic — and the pine-apple is exdusivelj 
American. 



§ XIT. — Flora of the Torrid Zone. 

The productions mentioned in the two preceding sections as flour- 
ishing in the colder regions of the globe, will not thrive in a truly 
tropical station. When transplanted to such a situation, they some- 
times gi*ow luxuriantly for a while, but produce no fruit ; at other 
times, they droop and die at once. Yet the reader may remember 
that the elevated regions of the torrid zone will produce, in perfec- 
tion, all the plants of colder regions. It produces an immense num- 
ber, however, which are peculiar to itself; and it possesses this ad- 
vantage over the other parts of the world, that it often can produce 
the ])eculiar productions of every region upon a single mountain. 

In the variety of its productions, the torrid zone greatly excels the 
others, as well as in their luxuriance and magnificence ; though in 
real beauty, it does not surpass several of the colder regions. Of all 
tropical regions, South America is most abundantly supplied with 
various species. It contains about twice as many species as Europe, 
nearly three times as many as Asia, and more than four times as 
many as Africa. The grandeur of the Brazilian flora is nowhere 
else equalled. 

Of the bread grains, rice grows luxuriantly ; and maize, though it 
grows in the cold regions of Canada, is raised in the plains, even 
under the equator.* Although the sugar-cane grows in the warmer 
regions of the temperate zones, it is only within the tropics that it 
grows luxuriantly ; and it is there only that extensive sugar planta- 
tions are found. It is indigenous both in south-eastern Asia, and in 

* None of the bread grains has s\ich a wide range as maize, or prodaces so 
baadaDtly with little labor. 
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tropica] America. The most extensive plantations are found in the 
West Indies, and in Brazil 

Rice has been so long caltivated that its original habitation is not 
certainly known ; but it is supposed to be indigenous to south-eastern 
Asia. No other grain is so extensively raised ; and it forms the sta- 
ple food of more than one third of the human race. It is less nutri- 
tions than wheat or maize, as it contains less gluten and earthy salts^ 
with an excess of starch ; yet it is well adapted to the natives of 
warm climates, where otily it flourishes. Cotton grows abundantly 
within the tropics, especially in South America and India, though 
generally of inferior quality. 

The cacao or chocolate nut, grows chiefly in South America. This 
is also the native region of arrow-root, which is now cultivated in the 
West Indies and Ceylon. The valuable cinchona, or Peruvian bark, 
is found on the sides of the Andes : there are upwards of 20 species 
of this tree. Pine-apples are produced in southern Mexico, Guate- 
mala, and the West Indies. They are now raised also in southern 
China and India. The chermoysa, said to be the most delicious of 
all firuifs, grows in the same regions. Plantains, guavas, and bana- 
nas, grow in the West Indies, Central America, and South America. 
The same regions produce the tamarind, and the cassava or manioc 
root Of the latter there are two species ; the root of the one con- 
tains a poison, which is removed by boiling or roasting. These roots 
answer the same purpose as the potato ; and it is reckoned that they 
yield five times as much nutrition as if the ground were under wheat 
Tamarinds are also indigenous to India, whence the name {tamor-- 
kindy, India-date.) The mangosteen, a fruit about the size of an 
orange and of a delicious flavor, grows in Java and the Moluccas. 
The cow-tree, which yields a nutritious juice like milk, is. found in 
Venezuela. Vanilla is produced in Mexico, and South America. The 
• gtryekntts toxicaria, which yields the deadly woorali poison, is found 
in Guiana. Cayenne pepper is produced chiefly in the same region. 
All the finer gums are confined to tropical regions, in most of which 
they abound. The same may be said of the spices. Cloves and 
nutmeg are confined to the Moluccas, and that species of laurel which 
produces the true cinnamon is found only in Ceylon. 

Cocoa-nuts flourish on the sea-coasts, in most tropical countries. 
The tree is one of the many species of palm, of which there are 
neariy 1,000 species, mostly confined to the tropics. Dates are the 
fruit of another species of palm, the one mentioned in the Bible : 
it flourishes also beyond the tropics. Linnseus calls the palms, from 
their noble and stately appearance, " the princes of the vegetable 
kingdom." Nor is their utihty inferior to their beauty : they ^^<v 
duee flour, sugar, milk, oil, flax, salt, t]itQad^u\/&m^^'^^»^^:&>«S!i^ 
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habitations. The Polynesians reckon about *!0 uses of the ooeottr 

nut palm alone. 

The timber trees of the torrid zone are numerous aad important. 
The well-known mahogany grows in tropical America. The teak 
tree, found in the East Indies^ is superior to the oak for ship-build- 
ing. Ebony is found in Madagascar and^ Southern Asia. Rose- 
wood is found chiefly in Brazil and Siam. The hardest and heaviest 
wood is generally the production of the tropical r^ions, which also 
yield most of the dye-woods, such as logwood and Brazil wood. 
The bamboo supplies the lEndoo with mateiials for building his 
house, and with many of his domestic utensils; and the art of the 
Chinese makes it supply the place of all other kinds of timber for 
household furniture. 

Tropical trees are remarkable for their size and longevity, as well 
as the luxuriance of their foliage and the rich and varied hues of 
their flowers. The Indian flg, or banyan, attains an immense size, 
by throwing ofi*-slioots from its branches, which descend, take root, 
and give out branches, like the original tree. These branches throw 
out new shoots, and so on. One of this kind in Guzerat has several 
hundred main stems, and would easily afford shelter to 10,000 men. 
The Adansonia digitata^ or baobab, of Senegal, is sometimes found 
84 feet in diameter, though it is hardly ever more than 80 feet 
high ; and the age of one of tliem, ascertained from the number of 
concentric rings in its tnmk, was found to exceed 5,000 years.* 
Park, the celebrated traveller, informs us that the leaves of some 
trees in Central Africa are so large that two or three suffice to 
thatch a cottage. 

As the temperature is sufficiently high within the tropics to sus- 
tain vegetation throughout the year, the banks of the rivers are 
often clothed with perpetual verdure, thus realizing the poetical de- 
scriptions of a perpetual spring. The forests simultaneously exhibit 
vegetation at every degree of progress : some trees are budding, 
wfile others are in full blow, and others are sliedding their leaves ; 
and sometimes the very same tree shows, throughout the year, buds, 
flowers, green and ri|)e fruit side by side. Flowers are more fre- 
quently met with growing on trees within the tropics than in the 
colder regioas ; and they are also generally larger, more fragrant, 
and more variously and highly colored. Many genera of plants 
which are found in the tem^Derate zones only as humble herbs, or 
shrubs, attain within the tropics the size of large trees. Thus we 
meet with fems, grasses, and cotton plants from 20 to 50 feet high ; 

* The age of some of tlic trees of temperate regions, though less than this, 
is very respectable. The yew-tree at Fortingal, in Scotland, (whose drcum- 
fereace before it formed several trees, was 62 feet,) is upwards of 2,600 years 
ikf; and another at Braburn in EngWd \?as ^QQQ ^cscc^ vM. 
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and reeds 100 feet high are not unusual. Yet there is another 
aspect of. the picture. The various species of cane and parasitic 
plants unite the forest into one impenetrable mass of vegetation, 
through which fresh breezes never circulate, and to which the light 
of the sun seldom penetrates. Myriads of noxious insects, and 
numerous huge reptiles and beasts of prey render the scene still 
more forbidding to one who has been acciistome<l only to the grassy 
fields^ sunny hiQai, and open forests of more temperate regions. 



§ Xni. — ^Table of the Vertical Range op Plants.* 
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* We give only round numbers, as so mucli depends on local peculiarities 
that greater exactness would lead to inferences only partially true. 
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ZOOLOGY, OR DESCRIPTION OF THE PECULIARITIES 
AND DISTRIBUTION OF ANIMALS. 



§ I. — ^Preliminary Remarks. 

The Almighty Power that created and set in motion the springs 
of animal life, has so wisely and beautifully ordered the whole system 
in its grandest developments, and its minutest parts, that the laws 
which govern the different species of animated creation in their na- 
ture and habits, are as distinct, and as perfect in their operation as 
uniform in their result. From the half vegetable, half breathing 
zoophite — the last connecting link between man and the dust from 
which he sprung — to the half reasoning elephant, the noblest of the 
animal creation, and the nearest in intelligence to the human race, 
the attentive inquirer can trace a wonderful and harmonious arrange- 
ment of faculties and of circumstances, adapted to the support and 
comfort of each separate species, until he arrives at the image of the 
Deity, with eye and front so beautifully constructed, as not only to 
survey at a glance the gi*andest and the minutest charms of nature, 
but also to look up to Ileaven and acknowledge the power, wisdom^ 
and goodness of that glorious Being who created all things, and who 
formed man with a view to prepare his spirit for a still loftier and 
holier state of existence, where knowledge will be without limits, and 
without end. 



§ IT. — General View op the Animal Kingdom. 

The most superficial survey of nature is sufficient to show, that 

there prevail certain general resemblances, among great multitudes 

of species, which lead us to class them into more or less c-omprelien- 

*ive groups. Thus, in the animal kingdom, quadrupeds, birds, fishes, 

oti^ sbell'Ssb, and insects, com^^o&e tiaiX.\xitil ^ss^^a^^^^al^as ^st 
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classes ; and each of these is readily divisible into subordinate groups, 
or families. 

Upon a close examination of the structure and economy of plants 
and animals, we perceive that the formation of all the individual 
species, conprehended in the same class, has been conducted by an 
all-wise and all-powerful liand, in conformity, so to speak, witb a 
certain type, or mould. Of this general type, all the existing forms 
appear as so many separate copies, differing in particulars, but agree- 
ing in general characters. The same obser\'ation appUes to the fam- 
ilies, the genera, and other subordinate groups of living beings. 

The more extensive our acquaintance is with the anatomy and 
physiology of plants and animals, the more striking do these anal- 
ogies appear ; so that, amid endless diversity in the details of struc- 
tures, and of processes, the same general purpose is usually accom- 
plished by similar organs, and in similar modes. So firmly is this 
principle established, that naturalists often venture, with confidence, 
to predict or de8cril>e many circumstances relating to an unknown 
animal, of which only a few fragments are presented to them, from 
their general knowledge of the characters and economy of the tribe, 
on the type of which it has been modelled. Thus, the discovery of 
a mutilated portion of the skeleton of a fossil animal conveys to the 
physiologist, who is conversant >vith the details of comparative 
anatomy, a knowledge of the general structure and habits of that 
animal, though all other traces of its existence may have been swept 
away, amid-the primeval revolutions of the globe.* So complete is 
the distinction of species, that the microscopic structure of a bone 
18 sufficient, in many cases, to identify the species to which an extinct 
or unknown animal belonored. 

Not only does this tendency to conform to types obtain in all 
organic fonnations, but further inquiry leads us to the conclusion, 
that deviations from these standard forms, far from being accidental 
or arbitrary, are referable to definite laws. The regulating principle 
of the variations is subordinate to higher views, and has reference to 
the respective objects and destination of each particular species, in 
the general system of created beings. Providence, as far as we can 
discern, appeal's, in conformity ^vith these intentions, first to have 
laid down certain great plans of functions for the operation of nature, 
and to have adapted the structure of the organs to these functions, 
the minor objects and more subordinate functions being accommo- 
dated to this general design. Hence arises the necessary and re- 
ciprocal dependence of each organ, and of each function, on every 
otoer ; and hence are deduced, what are called the laws of the co- 

* Professor Owen of London has repeatedly given an account of the lead- 
ing characteristics of an animal after careMly exBxmr^xv^ ^ ^fic\!^<^ \Rictt^\ 
hh defcnptkjoB Were veriQed by subsequent <\iacov«iiv^!&. 
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existence of or^nic forms. -'By attention to these laws, may often 
be explained how each variation that is observed in any one organ^ 
common to a natural group of animals, entails certain necessary and 
corresponding variations in other parts, and extends its influenoe, in 
modifying in a greater or less degree, the whole fabric It is in 
comparative anatomy, as in mechanics, where any alteration made in 
the position of one part of a system of bodies, occasions a change 
in the centres of gravity, of gyration, and of oscillation, and evolved 
new mechaniciil forces, and conditions of equihbriimi, which render 
new adjustments in other parts necessaiy, in order to restore the 
e<^ui])oise, and preserve the harmony of their movements. 

All beings are connected by mutual relations. Even among the 
leading types, which represent the great divisions- of the animal 
kingdom, we may trace several points of resemblance, which show 
them to be parts of one general plan, and to have emanated from 
the same Great Creator of all. In the progress of discovery, we aw 
always meeting with species which occupy intermediate places be- 
tween adjacent types, and api)ear as links of connection in the great 
chain of being. It often happens, that throughout an extensive 
series of organic forms, the steps of gradation by which one type 
passes into anoUier are so numerous and so regular, as to preclude 
the possibiHty of drawing a decided line of demarkation, between 
those that properly appertain to each. All these apparent anomahes 
and gradations of structure, tend still further to demonstrate the 
generality of the plans of nature and Providence, and the compre- 
hensiveness of the desiijn which embraces the whole series of ani- 
mated beings. 

These views are strongly coiToborated, by the discoveries that are 
continually made of species now no longer in existence, but which, 
in former ages of the woi'ld, hel2)ed to fill up many of the chasms 
which now interrupt the continuity of that series. This knowledge 
has been revealed to us by the examination of their fossil remains, 
tliose monuments of former epochs, which have thrown such im- 
portant light on the most interesting questions in geology as well as 
in physiology. 

In every department of nature it cannot fail to strike us, that 
boundless variety is a characteristic and predominant feature of her 
productions. It is only when the object to be attained is dependent 
u])on certain definite conditions, excluding the possibility of modifi- 
cations, that these conditions are strictly and uniformly adhered to. 
But wherever that absolute necessity does not exist, and there is 
afforded scope for deviation, there we are certain to find introduced 
all those modifications which the occasion admits of. Not only is 
this tendency to variety exemplified in the general appearance and 
form of the bodyj but it also prevsffls m eadc3^ \xv!^Nf\<^^lflil c»\^aL^\\fii«- 
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ever minute and insignificant that organ may seem to be. While 
the elements of structuro are the same, there is presented to us in 
succession every possible combination of organs, as if it had been 
intended to exhaust all the admissible pennutations in the order of 
their union. Some wise purpose, though dimly perceptible to our 
imperfect understandings, is doubtless answered by this great law of 
oigaiuc formation, the law of variety. That it is not bhndly nor 
iadiacriminately followed is apparent from its being circumscribed 
within certain limits and controlled by another law, which is that of 
conformity to a definite type* We cannot take even a cursory view 
of the host of living beings profusely spread over every portion of 
the globe, without a feeling of profound astonishment at the incon- 
ceivable variety of forms and constructions to which animation has 
been imparted by creative omnipotence 1 What can be more calcu- 
lated to excite our wonder than the diversity exhibited amid the 
endless modifications of shape by the insect tribe which still pre- 
serve tbeir conformity to one general pl^n of construction ? The 
number of distinct species of insects already known and described 
amount to 120,000; and every day adds to the catalogue. 

Of the comparatively large animals that live on 4and, how splen- 
did is the field of observation lying open to the naturalist ! What 
variety is conspicuous in the tribes of quadrupeds and reptiles ! and 
what endless diversity exists in their habits, pursuits, and characters. 
How extensive is the study of birds alone ! and how ingeniously, if 
we may so say, has nature interwoven in their construction all possi- 
ble variations, compatible with an adherence to the same general 
model of design, and the same ultimate reference to the capacity for 
motion through the air ! ! What profusion of being is displayed in the 
wide expanse of the ocean, through which are scattered such various and 
such unknown multitudes of animals I Of fishes alone, the varieties 
as to conformation and endowments are endless. Still more curious 
and anomalous, both in their external form and their internal struo- 
tuie and economy, are the numerous orders of living beings that 
occupy the lower divisions of the animal scale ; some swimming in 
countless myriads near the surface ; some dwelling in the inaccessi- 
ble depths of the ocean ; some attached to shells or other solid 
structures, the productions of their own bodies, and which, in pro- 
cess of time, form, by their accumulation, enormous submarine 
mountains, rising often from very great depths to the surfiwjel 
What sublime views of the magnificence of creation have been dis- 
closed by the microscope in the world of infinite minuteness, peo- 
pled by countless multitudes of atomic beings, which animate 
almost every fluid in nature ! Of these a vast variety of species 
haa been discovered, each animalcule being y^oyA*^^ ^^^^ %:^^<^ 
poate oigaDs, endowed with spontaueo\^ ^^^t^ oi m^cjc^^i^s^ ^^^^ 
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gmng unequivocal signs of individual vitality ! The recent obeerva- 
tions of Professor Ebrenberg have brought to light the existence of 
monads, which are not larger than the 24,000th part of an inch in 
length, and which are so thickly crowded in the fluid as to leave 
intervals not greater than their own diameter. Hence he has made 
the computation that each cubic line, which is nearly the bulk of a 
single drop, contains 500,000,000 of th^e monads ; which almost 
equals that of all the human beings on the surface of the earth. 
Thus, if we review every region of the globe, from the scorching 
sands of the equator to the icy realms of the Poles, or from the 
lofty summits of the mountains to the dark abysses of ocean; if 
we penetrate into the shades of the forest, or into the caverns and 
secret recesses of the earth, — ^nay, if we take up the minutest por- 
tion of stagnant water, we will meet with life in some new and 
unexpected form, yet ever adapted to the circumstances of its situa- 
tion. Wherever hfe can be sustained, hfe is produced. Every 
element, every clime, is filled with sensitive beings, and scenes of 
wonder and enchantment are displayed in endless variety, inscruta- 
ble complexity, and perpetual mutation. 

Our attention, when called to the study of nature, is solicited to a 
vast multiphcity of objects, curious and intricate in their mechanism, 
exhibiting peculiar movements, actuated by new and unknown 
powers, and gifted with high and refined endowments. In place of 
the simple combinations of elements, and the simple properties of 
mineral bodies, all organic structures, even the most minute, present 
exceedingly complicated arrangements, and a prolonged succession 
of phenomena, so varied, and so anomalous, as to be utterly irre- 
ducible to the known laws which govern inanimate matter. The 
more we extend our knowledge of the operations of creative power, 
as manifested in the structure and economy of organized beings, the 
better we are qualified to appreciate the intentions with which the 
several arrangements and constructions have been devised, the art 
with which they have been accomplished, and the grand compre- 
hensive plan of which they form a part. 

Beginning with zoophytes, the lowest of the animal creation, as a 
natural and progressive step from the vegetable kingdom, to which 
the preceding division has been devoted, we will take a hasty survey 
of the ascending Unks in the chain of animals, until we reach the 
highest grade. 



§ in. — PoRiPBRA, OR Sponges. 

Among zoophytes, {zoo-fhyta^ animal-plants,) the lowest station in 
tbe scale of organization is oocap\edL "Vsy ^Saa \3c^q«^ cJl '9^f«ra^<x 
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Sponges, which name was given by Dr. Grant, to the animals which 
rorm the various species of sponge, and whicli are met with in miil- 
titudes, on every rocky shore of the ocean, from (xreenland to Aus- 
tralia. Sjwnges grow to a large size near the troj>ics, and are more 
diminutive and finer as we approach the Poles. Tliey are m(»t with 
eaually, in places covered by the sea peri)etually, and in those 
which are left dry. They adhere to tlie surface of rocks, and other 
marine animals, to which they are so firmly attached, tliat tliey can- 
not be removed >vithout lacerating and injuring their bodies. So 
they are like some plants, of a parasite nature. 

They flourish best in canties of rocks, but come to maturity even 
in spots exposed to the unbroken fury of the surge. They hue with 
a variegated and downy fleece, the walls of submarine caverns, or 
hang, in living stalactites, from the roofs. In their gcnieral ai)pear- 
ance, they resemble vegetables ; but in their organization, they differ 
entirely from every vegetable production, being composed of soft 
flesh, intermixed with a tissue of fibres, some of which . are solid, 
others tubular. The substance of which this solid i^rtion or basis 
is formed, is partly composed of horn, i)artly of siliceous or calcare- 
ous matter. It has been termed the axis of the zoophyte ; and as it 
supports the softer substance of the animal, it i>erforms the oflice of 
skeleton, giving form and protection to the entire fabric. 

The material of which the fleshy substance is composed, is of so 
tender and gelatinous a nature, that the slightest pressure is sufficient 
to tear it asunder, and allow the fluid ])arts to esciipe, and the 
whole soon melts away into a thin, oily liquid. When examined 
with the microscope, the' soft flesh is seen to contain a great number 
of minute grains disseminated through a transpar<'nt jelly. There 
is a constant current of Hquid matter pounng out from the circular 
cavities under the surface of the sea, which thru>vs oft* a quantity of 
dark matter, and the circular apertures in the sponge are intended 
to discharge this current, which only ceases when the animal dies. 

Some species of sponge have a kind of skelet<^n composed of a 
tissue of needle-shaped crystals, of carbonate of lime, or of sihca. 
The animal moves forward by means of vibrations in the water. 

The young sponges, as soon as they leave the parent, attach them- 
selves to the sides or bottoms of vessels, and some are seen spread 
out hke a thin, circular membrane on the surfact^ of the water. 
Tliey advance by means of cilia, or sliort filanieiils, which are in 
constant and rapid vibration, and are spread over two thirds of the 
surface of the body. 

The sponge has a consciousness of feeling, for on striking against 
any obstacle, they stop their ciHa or oai*s, which are minute and 
transi)arent, wheel round the spot for a few s^ciOTv^, v\\AS\vvix^\<KSNs?«- 
ing' the vibrations, proceed in their course. ^^ ^iJfiisa ^>&Nji\\j^s5^« 
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them from every kind of vegetable. Thus has a power of sponta&e- 
ous motion been given to the lowest order of the animal creation. 
Many species which abound in the Red Sea and Indian Ocean, have 
been transported by the equinoctial current from the eastern waten 
to corresponding latitudes in the New World. 



§ IV. — ^POLYPIFERA, 

The next grade of zoophytes are the polypes, {pdy-pous, many* 
footed.) The transition from the structure of the sponge to that of 
the polypus, may be thus described : — suppose the absorbing cells, 
or orifices of the sponge, to be enlarged, and their number reduced, 
and let these orifices be drawn out into tubes, and provided with 
vibratory cilia ; in addition to which, let there be placed around their 
margin a circular row of larger filaments, extremely flexible, and 
capable of twining round any object that comes within their reach, 
and of conveying it to the central orifice, which performs the office 
of mouth. Each tube thus furnished with a circle of radiating fila- 
ments, called tentdcula, or tenticles, is called a i)olype. The entire 
animal mass composed of an aggregation of these pol3rpes, is called 
& polypus. It is also called lobularia. 

Polypi form a very extensive order of zoophjrtes, abounding in 
every part of the ocean, but growing in the greatest luxiuiance in 
the tropical regions, and near the equator. Their flesh exhibits the 
same granular appearance as that of the sponge, but it is generally 
firmer, and often intermingled with calcareous matter. The tenta- 
cula, which may be compared to arms, vary in length and number, 
in diflferent species of pol3rpi, and instead of a single row, each of 
the mouths has two or more series of tentacula placed around it. 
They are formed of a prolongation of the soft substance of the 
poljrpi, and are sometimes tubular, and their cavities are then con- 
tinuous with that of the general internal cavity into which the 
mouths open. Besides being flexible in every direction, the tenta- 
cula or arms, are also capable of being lengthened or shortened at 
the pleasure of the animal. Their elongation is effected by the pro- 
pulsion of a fluid into their interior, derived from the general cavity 
of the body, and their retraction by the return of the same fluid. 
The whole arrangement of the tentacula on the margin of the pro- 
jecting mouths, bears a resemblance to a flower, especially to the 
China aster. 

In Uie construction of zoophjrtes the Creator seems still to keep in 

view the models of vegetable forms, the characters of which, wnea 

JSe 13 effeciing the transition from one kingdom to another, He con- 

tiDuea to impress on His produedoi^. Ml v^^^^\«^\^j(k!L Vsk. ^^^ 
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ward form and internal construction of organs, preserve the syramet- 
rical arrangement round a common centre, generally exhibited in 
flowers ; and the affinities which these lower departments of the 
animal kingdom retain with plants, are more marked, and more pre- 
dominant, as tlie organs of zoophytes are more developed. Hence, 
the star-like forms, and the name of radiate. 

Polypi are generally attached to a homy base, or a calcareous one 
in the form of a shell, which, in shape, admits of infinite variety. 
Sometimes this shell constitutes the external surface of the animal, 
and encloses the flesh in a general sheath, witli openings to let out 
the ends of the tentacula ; at others, these tubes are joined like 
branches of a tree; and sometimes like pipes in an organ. The 
material composing the axis to which the polypes are attached, is 
various, — sometimes homy, flexible, and elastic, corresponding to 
animal membrane ; at other times they are composed of car- 
bonate of lime, and phosphate of lime. In all cases the particles 
of calcareous matter are united together by some portion of animal 
substance, which may be obtained by dissolving out the former by 
an acid. Sometimes the stem consists of horny pieces, formed into 
iointed structure, which is the case with isis hippuns, or jointed coral. 
The structures are generally attached to submarine rocks, by an ex- 
pansion of the base into a kind of foot, or root, which has strong 
power of adhesion. In this respect, tliese animals preserve an analogy 
with plants. 

It has been discovered, that these fixed zoophytes are multiphed 
like the sponge, by the detachment of gemmules, or imperfectly 
formed portions of their soft substance, which undergo a met:imor- 
phosis, to bring them to a perfect state ; and the moment they are 
detached, they exhibit a singular spontaneous motion, swinnning in va- 
rious directions, l)y the rapid vibrations of their cilia, till they find a 
place favorable for their growth. On becoming fixed, thoy s])read 
0¥it to form a base, and then shoot ui)wards, doj)ositing a calcareous, 
or homy axis, in successive layers, till it has acquired the requisite 
thickness, and then gradually assume the forms of the species to 
which they belong. The matt^'ials thus deposited are permanent 
structures, not ciipable of removal, and devoid of vital properties ; 
for these properties belong exclusively to the animated flesh with 
which they are associated. The polypes attached to these structures 
are not developed till after the formation of the root and stem ; their 
growth being thus analogous to that of the heaves and flowers of plants. 
Tlie gemmules float or swim for a few (l;\ys aftcT they leave the pa- 
rent cells, and then in some still water fix themselves ; and in a short 
time the cilia disappear, and bundles of fibres appear, which connect 
the head of the polype, and the moment it protiud^^ ^waSXa ^<^\^ 
18 an adult polype, find vibrates the c\\\a o? \\s. \icv\\£vc^<^. ot ^\«®» 
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with as much velocity as at any future period. The tentacula of 
polypi are exquisitely sensitive, and are often seen like long, slender 
feelers of a spider, either singly or together, bending their extremities 
towards the mouth, when any minute floating body comes in contact 
with them. E^ich poly|)e has 22 tentacles, or arms, and about 50 
cilia on each side of a tentacle, — making 2,200 cilia, or arms, on eadi 
polype. The cilia seem to depend in their motion, (which is too 
rapid for the finest microscope to detect,) upon some unknown physi- 
cal cause connected with the life of the animal. 

A question arises with regard to the constitution of these zoophytes, 
viz., whether the whole mass, which appears to grow from one root, 
and consists of multitudes of branches, proceeding from a common 
stem, is to be considered as one individual animal, or an aggregation 
of smaller individual animals, each individual being characterized by 
having a single mouth, with its accompanying tentacula ; and yet the 
whole animated by a common principle of life and growth ? Natu- 
ralists generally decide on the latter, regarding each portion provided 
with distinct tentacula, as a separate animal. 

Immense numbers of these curious animals are found in every part 
of the ocean. The pennatula, or sea-pen, which resembles a quill 
in form and structure, is of this description. It swims through the 
water by its own spontaneous movements, according to Cuvier ; but 
Dr. Grant thinks they only obey the impulse of the currents. It is 
only when the contractile flesh of the polypus is released from the 
restraint which the solid axis imposes on its movements, that the ani- 
mal becomes capable of any distinct power of locomotion. Such is 
the condition of the genus hydra, of which the hydra \dridis, or fresh 
water polype, is the type. 

This singular animal presents us with apparently the simplest 
structure that exists in the animal kingdom. The hydra appears to- 
consist of nothing but a fleshy tube, 0])en at both ends, one of which 
being more dilated, may be regarded as the head, and has for a 
mouth the aperture of the tube, furnished round the margin with a 
single row of tentacles. These tentacula are surrounded with very 
minute cilia, which are incessantly in motion, independent of the 
animal's will. This motion causes a current, which brings minute 
particles of matter within the mouth. The tentacles can be elon- 
gated to a great length, or retracted and bent in every direction so as 
to grasp any small object that it finds. The body tapers to a small 
point, where it flattens and becomes the pedicle ; and it is by this 
that the animal attaches itself to the bottoms or sides of vessels in 
which it is kept It walks by putting down the foot first, and then 
the head, holding on to one or the other. They are generally found 

tached to aquatic plants, and feed on insects. When alarmed, it 
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nhrinks into a f»ma]l globale, almost imperceptible. Its substance 
consists of gelatiDous matter, filled with grains. 

Before we leave the subject of polypi, we shall speak of the coral, 
which is so familiar as an ornament, both red and white, to the 
oommon observer. It is a species of polypus, which exhibits the 
closest resemblance to the branched forms of vegetable stems. The 
flesh of this contains granules of calcareous matter, which, in the dried 
specimens, adhere to the surface of the stems. The animal is im- 
bedded in the \w^ntre in a tube, and its tentacles are annexed to the 
branches of the tree or plant. 

There are three great seas of coral on the globe. First, that part 
of the Pacific Ocean where flat islands appear, such as the Friendly 
Isles, New Caledonia, Solomon Isles, &c. It is there, between the 
different parts of the oceanic division of the world, that the mariner 
is in danger of striking against rocks of coral, shooting up from a 
considerable depth. The second region extends from the coast of 
Malabar, to that of Madagascar, and Zanguebar. The Mediterranean 
forms the third region ; and the valuable coral which it furnishes, 
and which is in great demand, from Africa to Japan, essentially differs 
from the coarse substances of wliich the islands in the southern sea 
are composed. The coral polypes commence building 20 or 30 feet 
below water, and build until they are above low-water mark, where 
they generally perish. The sea now washes upon the coral structure, 
fragments of rock, drift-wood, <fec., until a soil is formed, on which 
vegetation gradually appears. Some kinds of coral polypes are sup- 
posed to begin building 100 feet below the surface. They always 
commence on the tops of submarine mountains, and sometimes round 
the submarine crater of a volcano. In the latter case, the structure 
rises from the water in the form of a circle, enclosing a lake, and 
forming what is called an atoll^ or lagoon island. Coral structures 
are sometimes elevated by volcanic action, and sometimes covered 
over with lava. The whole class is confined to the seas of warm 
coimtries ; and the species found in any locality depends partly on 
the temperature, and partly on the state of the water. 



§ V. — ^Infusoria. 

The infusory animalcules were so named by Muller, a Danish nat- 
uralist, from the circumstance of their swarming in fill infusions of 
vegetable or animal matter that is kept too long to be wholesome.* 
They are i^ too minute to be seen except through a microscope. 

* We are aware that the infusoria belong to several clas'sea, some of them 
hmna in reality crustaceans ; but in a work like l\\e wcb^wx, VLSa >ax«s\<i<i.<s?53ax'^ 
to aSar the uaual classificaiion of animals ho vorv tcvawv-.. 
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We know so little of them, that it is difficult to assign them their 
true place in the scale of animals ; but they are considered by natu* 
raliste, to exhibit the simplest of all possible conditions to which ani- 
mal life can be reduced. The monads are the most dimiuutive of 
this tribe, and their presence can be detected only by the application 
of the highest magnifying powers. It has been established as a fact 
by Elirenberg, that they possess internal cavities for the reception 
and digestion of food, and that their organization is equally complex 
with that of the larger species of infusoria, such as the rotifera, in 
which he has discovered traces of a muscular, a nervous, and a vas- 
cuLir system. Some are covered with a sihceous case ; and the re- 
mains of these sometimes constitute whole moimtains, although they 
were so small that it would take 40,000,000,000 to form one cubic 
inch. They are of various shapes and forms. The proteus looks 
like a mass of soft jelly, highly irritable and contractile, at one time 
shrunk into a ball, at others, stretched out like a ribbon, and some- 
times taking the form of a star. The rotifera, or wheel animalcules, 
are so named from their being provided with an apparatus for crea- 
ting a perpetual eddy or circular current in the surrounding fluid. 
They are two in number on the head, but do not surround the month 
as is the case with other polypes. They consist of circular disks, 
with rows of cilia resembling a crown wheel, which perpetually 
revolves. 



§ VI. — ^Medus^ and Actinia. 

Floating masses of living gelatinous matter are met with in every 
l^art of the ocean, often in vast numbers, and of various forms, and 
having little appearance of belonging to the animal kingdom. The 
medtisa is the prevailing type of this fiimily. They appear to be 
raised but a single step above the polypi, and in point of acti\'ity 
rank among the lowest of the zoophytes that are not stationary. 
They are wholly passive beings, floating on the surface of the sea, 
remaining at a small dei)th below, and earned to and fro by every 
nirrent, being the prey of innumerable tribes of animals that poo]^le 
the ocean. The usual form of the medusa is that of a hemisj»hore, 
with a marginal membrane, like the fold of a mantle, extending 
loosely downwards from the circumference, and with a central pedi- 
. cle, like the stalk of a mushroom, and terminating in several fi-inged 
laminje, or tentacles. It might almost be calU'd sea-niushr(K>m. 
The whole substiuice of the body is semi-trans])jirent and gelati- 
nous, posseSvsing great elasticity, and some contractile ])ower. The 
animal flaps the fringed j^edesUil, and opens and shuts the margin 
of jti^ Jjcmisphcro, hko a paraso\. 'i^\\e^ (^Qs^Q^vixv^ VcvXV^^'atet b^ 
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oontractiiig themselves. The larger kind abound in the seas around 
England ; and the smaller ones, in every ocean in the world. One 
cubic foot of water was found, by Mr. Scoresby, to contain 100,000 
ii them. Some have been found with ti-aces of a nervous sysiem, 
and of simple organs of vision. 

The PhymlicLy or Portuguese man-of-war, is furnished >vith a 
large air bladder, of an oval shape, on the upper part of the body ; 
and ¥rith a membrane of a beautifiil purple color, wliich serves as a 
aaiL These zoophytes are met with in great numbers in the Atlan- 
tic Ocean, and most especially in its warmest regions and at a great 
distance from land. In calm weather, they iloat on the surface of 
tlie sea, rearing their purple crests, at fii-st looking like largo air 
bubbles, but distinguished by the vivid hues of the tentacles which 
hang down beneath them. Nothing can exceed the beauty of the 
spectacle presented by a large fleet of these animals quietly sailing 
in the tropical seas; Whenever the surface is niffled by the slight- 
est wind, they suddenly absorb the air from their vesicles, and thus 
becoming specifically heavier than tlie water, instantly dive into the 
depUis of ocean. 

The actinia are a tribe of zoophytes, which are included among 
the polypi, and are the most highly organized of that class. When 
their tentacles, which surround the mouth, and are very numerous, 
are frilly expanded, these animals strikingly resemble many flowers, 
and have been called sea-sunflower, sea-marigold, and sea-carna- 
tion. Actinia are seen in great numbers on many shores, adhering 
by their flat surfaces to tiie rocks, and being permanent in their 
abode. When the weather is fine and the sea calm, it is very 
amusing to watch the rapid expansions and retractions of their many- 
colored tentacles, while they are seeking food, — the quickness with 
which they seize their prey when they find it ; and to notice the 
suddenness with which they collapse in a round contracted mass on 
reoeiying the shghtest injury. They are capable of seeking another 
abode by a slow, progressive motion. 



§ Vn. — ^ECHINODERMATA. 

The next in the scale is the echinodermata, which include the 
star-fish. These animals retain the radiated character of zoophytes. 
The asterias, or star-iish, so named from its star-like form, with five 
points, is one of the above. It is covered with a tough coriaceous 
coating, full of grains. This integument is irritable, and changes its 
£brm. The grains are ciilcareous, and project from the body Uke 
prickles. The mouth of the animal opens at the ceutt<i o€ tl\^ 
under aides. These calcareous masses ^ave a cx^Xfi^X^oi^ ^xtss^^- 
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ment Each point of iho star oontains 304 tubes, which terminate 

on the inside of the body, in a reservoir or bag of fluid, which con- 
tracts and propels the foot, — that acts as a means of progressiv8 
motion, or rather creeping. Besides this, the asterias is capable of 
bending and unbending each point. 

The skeleton of the echinus^ or sea-urchin, has a spheroidal form, 
hke the orange. The calcareous material composing it consists of 
hexagonal plates, curiously fitted or dovetailed together ; the whde 
arranged hke a mosaic or tessellated pavement, and forming a very 
beautiful piece of mechanism. It is covered with calcareous tuber- 
cles, arranged with beautiful regularity of symmetry, passing like 
meridian circles from the upper to the lower poles of the sphere. 

The crinoidea, or hly-shaped tribe, consist chiefly in- the addition 
of a jointed stalk, which proceeds downwards from the centre, and 
the branches are carried up and folded inwards. It resembles liHar 
ceous plants. Only two species of this animal are known in a living 
state : but many are found fossil. 

All the species of animals hitherto considered are aquatic, or live 
in the water exclusively. 

§ Vni. MOLLUSKS. 

The mollusks (from mollis^ soft) in general constitute an assem- 
blage of beings which was recognized as constituting one of the pri- 
mary divisions of the animal kingdom by Cuvier. A vast multitude 
of species, possessing many remarkable physiological characters, are 
comprehended in tliis class. In all, there is a body of soft consist- 
ence, which is enclosed more or less completely in a muscular en- 
velope called the mantle, composed of fibres that are contractile, 
interwoven with the soft and elastic integument. Openings are left 
in this mantle for the admission of the external fluid to tibe mouth 
and the respiratoiy organs ; and also for the occasional protrusion of 
the head and foot, when these organs exist. Many of the aquatic 
species are protected by a heavy shell. The oyster, the muscle, and 
the limpet, belong to this class; and are so stationary that they 
adhere to rocks at the bottom of the ocean, and depend for nourish- 
ment upon food brought them by the currents and waves. Mollusks 
are divided into three classes — acephalans, cephalojpods, and gas- 
teropods. 

§ IX. ACEPHALANS. 

This class includes a large number of mollusks, which are destitute 
of a bead, (whence the naine — acephaJ^y ^e^lesa^^ and have the 
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mantle elongated to fonn tubes of much length, to conduct water 
into the interior of the body. One well-known subdivision of the 
acephalans are the lamelliobranchiates, or bivalve shell-fishes, such 
as the oyster, muscle, and cockle. The oyster has tlie power of loco- 
motion, which is eflfected by suddenly closing its shell, and thereby 
expelling the water with force, which, by the reaction of the fluid in 
the opposite direction, gives a sensible impulse to the mass. Oys- 
ters attached to rocks which are occasionally left dry by the retreat of 
the tide, always retain within their shells a sufficient quantity of 
water for respiration, (as this is the element in which they breathe,) 
and then keep their valves closed till the tide returns ; whereas those 
oysters taken from the depths of the ocean, and exposed to these 
vicissitudes, improvidently open their shells, and by allowing the 
water to escape, soon perish. The young oysters rove about in the 
water till they attain their growth, when tliey fasten themselves to a 
rodt and become stationary. The pearl oyster comes to perfection 
only in the tropical seas. 

Many bivalve mollusks are provided with an instrument shaped 
like a leg and a foot, which aids their motion ; it is constructed much 
like the human tongue. That of the eatable muscle can advance 
two inches, and is then appUed to some object. The pinnu marina, 
or marine muscle, when inhabiting the shores of tempestuous seas, 
is furnished with a curious apparatus for withstanding the fury of 
the surge. It prepares a great number of threads, which are fast- 
ened to the adjacent rocks, and then tightly drawn by the animal, 
just as a ship is moored in a harbor to resist the bufletings of the 
storm. These threads are composed of glutinous matter, prepared 
by a particular organ, and cast in a mould, where they harden and 
acquire consistence before they are used. The glutinous secretion is 
poured into a groove, or canal, in the foot, and when ready, is thrust 
out on the foot and apphed to the object. Thread after thread is 
thus formed and thrown out all around the shell, on which the ani- 
mal swings itself round to try their strength, first one and then an- 
other. When once they are fixed, being strong and glutinous, the 
animal has not the power of breaking them. Reaumur, who dis- 
covered these interesting facts, saw them practising this faculty when 
the shells were not larger than a millet-seed. In Sicily, and other 
parts of the Mediterranean, these threads have been made into gloves, 
and other articles, which, when manufactured, resemble silk. The 
shell is of a very brittle textiure. 

The tellina is remarkable for the quickness and agility with which 
it can spring to considerable distances, by folding the foot into a 
small compass, and then extending it, while the shell is at the same 
lime closed with a loud snap. 
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§ X. — Cepiialopods. 

This class have a head, which is situated between the body and the 
feet, whence the name — cephalojxxia^ head-footed. They are higher 
in the scale of organization, and have a wider range of faculties than 
the acephalans. To this chiss belong the loligo, sepia, ink or cuttle- 
fish, which is furnished with tentacles so powerful that while their 
muscular fibres are contracted, it is easier to tear away the substance 
(rf the hmb than to release it from the grip of the tentacles. These 
are always in the head, and assist the animal in swimming. The 
head is always downward, and the body upward, so that it walks 
through the water on its head. The tentacles are long, slender, and 
flexible, contractile in every part, and capable of being moved or 
twisted in every direction, with extraordinary quickness, and precision. 
They twine round an object of any shape, and grasp it with prodigious 
force, which rendei"s them very formidable. 

In addition to these properties, they derive a remarkable power 
of adhesion to the surftices of bodies, from their being furnished with 
numerous suckers all along their inner sides. Each of these is sup- 
ported on a narrow pedicle, and strengthened by a cartilaginous ring, 
resembling an ancient boss, or shield-knob, composed of a great 
number of long piecCvS, in the form of converging radii, with an 
aperture iu the centre. It has also two long fins ; and is further 
provided with a peculiar internal weapon, or mode of defence, con- 
sisting of a bliidder-shaped sac, near the tail, which contains a black 
and viscid ink, which, when pursued by its enemies, it ejects, and 
thus at* once darkens and rendei-s nauseous the water around it, so 
that it is effectually concealed. It is a dense fluid, about the consist- 
ence of pap, suspended iu the cells of a thin net-work that pervades 
the interior of the ink-bag. This ink is called sepia, and is used by 
artists in painting landscapes, etc.' It was used in ancient times 
instead of ink. 

Another remarkable animal of this class Is the nautilus, which in- 
habits a spiral-chambered shell. That of the argonaut, or paper nau- 
tilus, is exceedingly tliin, and almost pellucid, probably for the siike of 
lightness, being intended to serve the purpose of a boat. To enable 
the animal to avail itself of the impulse of air, while thus floating on 
the water, nature has fiu'nished it with a thin membrane, attached to 
two of the tentacles, so that it can be spread out, like a sail, to cntcli 
the light winds, which waft the animal foi'ward.* While it i.> j^ail- 
ing, the Uttle navigator plies its tentacles as oars, on each side, to di- 
rect, as well as hasten its progress. Xo sooner does the breease 

* " Learn of the little nautilus to sail, 

Spread the thin oar and ca\c\v t\vfe iVxvi\n!j \8piNftl^ 
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fresh^ and the sea become ruffled, than the animal hastens to take 
down its sail, and quickly withdrawing its tentacles within its shell, 
renders itself specifically heavier than the water, and instantly sinks 
to more tranquil regions, below the surface. 

The common nautilus inhabits a polytlialamous, or many-cham- 
bered shell ; and it has a similar sailing apparatus. The animal, at 
certain periods of its growth, finding itself cramped in the narrow 
path, draws up the mantle, and leaves a vacant space. The surfisuje 
of the mantle, which has receded, begins directly to secrete calcareous 
matter, which is deposited in the form of a partition, across the area 
of the cavity. As the animal grows, the same expedient occurs. 
This process is repeated at regular intervals, and produces the multi- 
tude of chambers contained in polytlialamous shells, of which the 
Kving animal occupies only the largest, or that which continues open. 
Tlie tube which forms the foundation of this shell, is called 8y2^hon, 

All these tribes, and indeed, the greatest number of all mollusks, 
are limited, by the constitution of their system, to an aquatic exist- 
ence. 



§ XL — Gasteropods — ^Formation op Shells. 

This class is furnished with a muscular projection from the stomach, 
which enables them to creep ; and hence, the name, gastero-poda-^ 
stomach-footed. The mollusks which inhabit univalve, or turbinated 
^ells, belong to this order. The projection just mentioned, which 
peiforms the office of feet, is a broad expansion of a fleshy substance, 
occupying nearly the whole imder surface of the animal, and forming 
a flat disk, capable of being applied to the plane along which it 
moves. The snail is the most striking example. A mucilaginous 
secretion exudes from the disk, and increases its i)ower of adhesion. 
In the patella, or hmpet, this adhesion is greatly favored by the coni- 
cal form of the shell, which, having a circular base, enables the mus- 
cles of the disk, by their efforts to create a vacuum underneath it, to 
command the whole hydrostatic pressure of the water, as well as the 
atmosphere >above. Tubular tentacles, which the animal thrusts out, 
act as feelers. 

The formation of shells was discovered, by Reaumur, to be effected 
by the successive additions made to the surface ; and, that the ma- 
terials constituting each layer, are furnished by an organized, fleshy 
substance, which is called the mantle, or skin. The calcareous mat- 
ter which exudes from the mantle, is at first fluid and glutinous, 
but soon hardens into the dense sul>stance of the shell. This is com- 
posed chiefly of carbonate of lime, which \s e\\\vftt ?^"^\i'C\\va^^\s^ ^ 
hqwdAoinud cement, into a dense &u\)st£aic^, i^&eisX&t^^Y^^^^'^^^^ 
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or deposited in a bed of membranous texture, hAving the propertMS 
of a solid and elastic plate. 

This explains the laminated structure possessed by the oyster, and 
many others, the layers of which are put tog^ether like th^ compo- 
nent leaves of a sheet of pasteboard. The connection between the 
animal and the shell is merely mechanical, after it is formed. 

The natural arrangement of shell-fishes is often subverted by ves- 
sels, transporting them from one part of the world to another. It is in 
this way that the watere of Holland have been peopled by the teredo 
navalis, which is so destructive to vessels. 

The calcareous secretion of zoophytes is a rock, or stone, the mo- 
ment the animal dies. But the calcareous secretion of testaoeous 
mullusks forms rock only when decomposing. The structure of corah 
and madrepores is grained, or granulated ; while that of shells is 
lamellated, or stratified. 



§ All. — ^Articulates — Worms. 

M. Agassiz di\*ides this group into three classes, — wortnSy inseetSy 
and crustaceans. The group is distinguished by having the body 
symmetrical : there is no difterence between the right and left side, 
as is common among the mollusks ; and the radiated structure of the 
zoophytes entirely disappears. 

Worms are composed chiefly of a great number of softish rings, 
forming a cylinder. They are simplest in structure, and least inter- 
esting of the group ; and therefore, they offer little to detain us, in a 
cursory sur\'ey like the present, although hardly any class of an- 
imals offers a greater variety of structure. The helmins^ or intestinal 
worm, for instance, contains no heart, no blood-vessel, or even blood, 
while other worms contain three pairs of hearts, very complicated 
blood-vessels, and blood of the most ruddy color. The helmins is 
frequently found in such situations, that it has been generally thought 
it originated where it was found, by spontaneous generation : but re- 
cent researches have shown, that this opinion is erroneous. Most in- 
testinal worms are produced from eggs, swallowed with tlie food ; and 
in some cases, they bore through the flesh of the animal, witliin 
which they are found, until they reach the place where they fix them- 
selves. All the larger animals, from the shell-fishes up to tlie ele- 
phant and the whale, are apt to be troubled with these parasites. 

Worms are by' no means so unimportant as they at first sight ap- 
pear : thus, the lumbricus, or earth-worm, fertilizes tlie soil, by con- 
verting purtially decayed organic matter into a substance capable of 
being dissolved in water, and noxma^im^ i^\«cv\&. tV^a vva^^^nfiso!^ 
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ci leeches is "well known ; and the depletion such animals produce, 
in their natural situations, is otlen the reverse of injurious. 



§ XIII.— Insects. 

This class contains more species than are found in all the ammal 
kingdom besides. They are distinguished by the absence of a heart, 
die possession of antennoe, or feelers, and of a complex ramification 
of air-tubes, which permeates the whole body, and whereby the blood 
is arterialized. These generally communicate with the external air 
by rows of orifices along the sides. Insects are generally furnished 
with more organs than the animals previously considered, and are 
noted for the variety and raj)idity of their motions. Some hve in 
the water during their whole lives ; others, hke the mosquito, spend 
only the first term of their existence in the water. 

The most striking peculiarity of insects is the changes they un- 
dergo during their growth. They are all at first in the form of worms, 
when they are termed larvoBy or caterpillars. In passing from this 
form, they lie inactive for some time, without taking any food, en- 
closed in a transparent covering, which is often lustrous, whence an 
insect in this state is called a chrysalis, or aurelia, (from chrysos and 
aurum^ both meaning gold.) From this state they pass into that of 
the perfect insect. Most insects live on vegetable food ; but some are 
carnivorous ; and others are at first carnivorous, and afterwards phy- 
tiv<»rous, or plant-eating. 

The strength of insects, compared with their size, is frequently as- 
tonishing : thus, tlie lucanus cervus, or stag beetle, has been known 
to gnaw a hole, one inch in diameter, in the side of an iron canister, 
in which it had been confined ; and the geotrupes stercorariiiSy or 
shard-bom beetle, can raise a weight 500 times heavier than its own 

It is in the midst of the most exuberant vegetation, — in the torrid 
zone, for example, that the strongest and most splendid insects are 
seen, such as the butterflies of Africa, the East Indies, and America, 
whose brilHant colors rival the lustre of metals. There, and particu- 
larly in South America, the forests, peopled with millions of glow- 
worms, look like an immense conflagration. The termes of Africa, 
named also, the white ant, builds solid hillocks ; and the spider of 
'^ftuana, attacks even birds with success. The limulus gigas, the 
3drgest of all aquatic insects, is also an inhabitant of the equatorial 
regions, as its usual name, — crab of the Moluccas, — ^indicates. 

Certsdn kinds of insects, such as gnats, bees, ants, and flies, appear 
to be equally distributed over the whole gYobft. Tcia ^Qt\» Y^^a 
Mioaiaernstcbea a multitude as innumeTable aa V}i2k^\L<^\& ^\ '^^N^s^.- 
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rid Kme. The mosquito wliidi lonnenta the traveller on tliebanlti 
of iha Orinoco, is the same as that which buzzes in Laplotid. 
Wherever man lias not drained the marshes, and cleared the (oresls, 
insects reign with resistless sway. History has recorded several ex- 
amples of towns and countries being rendered nninhalntahte by the 
multitude of bees and wasps, or gnats. Armies and whole tribes 
have been forced to fly before these feeble insocls, inrinciblo by thfw 
numbers. The ravages of the locust in the East have been veiy &- 
niiliar to the iubabitanla from the earliest times, and are frequently 
alluded to in the Bible, They frequently desolate whole provinces, 
devouring everything green : but the iuhabitanls retaliate bygatliM^ 
ing them and laying them up for food. The locust is one (rf tba 
'few insects jiermitted to bo eaten by the Mosmc law. (See Leviti- 
cus xi. 22.) 

Insects offer so much that is interesting to our observation, tiut 
rather than dwell further on the subject, we refer our readen lo 
Bjrby and Spence'a Entotrudogij, a work which will gratify thai 
cariosity regarding the strncture, polities, architecture, transfarmaticoB, 
' ' OS, wars, and auctions, of this remarkable class of auimnK 



§ XIV, — CKuaiACEAse. 

This is the highest class uf all invertebrate animals. Thfy an 
covered with a hard crust composed of several jointed pieces, whenoa 
their name, and are furnished with a complete circulatory apparatus, 
including a heart, blood-vessels, and branchife, or gills, which an- 
swer the some purpose aa the lungs of the higher animals. ITie lob- 
ster, crab, shrimp, and horse-shoe, are the b^t laiown epedmons of 
this class. The power of reproduction among Hiem, is much more 
extensive than among the higher animals. Thus, we frequently see 
a lobster Tsith one claw much smaller than the other. In this case, 
the smaller one is a second growth, which had not yet attained its 
full size, the animal having lost the original claw by some acdi^L 
The eyes of the crustaceans, like those of insects, aro reiy compli- 
cated, consisting of an immense assemblage of eyelets placed ride l^ 
side, so that the animal can see in any direction without moving aa 
eye, for which, indeed, there is no apparatus. Some spetncs liave as 
many as ten thousand of these eyelets united to form the hemisphere 
of the eye. Crustaceans Jire found in almost every sea, but abouiA 
moat in tropical and wanu'^re^ons. 
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§ XV. — ^Vertebrates — Fishes. 

Vertebrates are distinguished from the three presiding classes of 
animals by possessing a brain, and a spinal chord, enclosed m a bony 
covering, and having the organs of vegetative life — the heart, limgs, 
and digestive apparatus — in a separate cavity. They are divided 
into four classes, viz. : fishes^ reptiles, birds, and mammals. 

Fishes are distinguished by possessing branchiae, or gills, instead 
of lungs, which enable them to procure the little oxygen they require 
from the small bubbles of air always contained in ordinary water, 
whether fresh or salt. It is for this reason that a fish preserved in 
a vase requires to have the water changed, because, after a while, the 
oxygen of the air bubbles is all consumed. A fish may be drowned 
by placing it in water that has been well boiled, as this completely 
removes the air. Fish require comparatively little oxygen, because 
ihey are cold-blooded, and are covered with water, which is a bad 
conductor of heat. The water they take in at the mouth, passes off 
through the gills, and is in the meantime brought into immediate 
proximity with the blood circulating through the gills, which absorbs 
a little of the oxygen, and returns a Rttle carbonic acid. They are 
further distinguished from the higher animals by having the nasal 
cavity, or nostrils, opening outward only, and not communicating with 
the mouth. The heart is single, consisting of one auricle and one 
ventricle ; and they are furnished with a covering of scales, which is 
protected from the action of the water by a slimy secretion. They 
generally propel themselves by means of the tail, and steady and 
steer their course by means of the other fins. Some fishes, however, 
are destitute of such appendages, and creep along the bottom of the 
gea. Most fishes are carnivorous, and many live on animalcides. 
The best eatable fishes, such as the salmon, cod, herring, and mack- 
erel, are found in shallow water. 

Every basin of the ocean, and generally every sea, and even lake, 
has its particular tribes, which are born and die there, without trans- 
migration. We know the stations of some fishes. Thus, the cod, 
which fill the northern seas, between Europe and America, congre- 
gate on the great sand-banks south-east of Newfoundland, where 
Siey are pursued by 20,000 fishermen. Yet in spite of the destruc- 
tion attending this race, they increase with such amazing rapidity as 
to supply all deficiencies. It is calculated that one codfish could 
produce nine millions of young ones, though it is not probable that 
one tenth of that number is ever actually produced. . 

Tlie coryphence and several other genera aiCi t£\^\. \?\^ cs^-^ \ss.*^ic^ 
torrid zone. There are various species ot Wv^^ 'v\ivODL ^x^ <5^<5^ 
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gilt-heads^ from their brilliant colors. They are found only between 
the tropics. They are observed both in the Atlantic Ocean, and in 
the Indian Ocean. 

The electric fishes are chiefly confined to the torrid zone. The 
electric gymnotus is confined to America ; and the trembler, or siliirtu 
electricus, to the rivers of Africa ; but tlie torpedo, or cramp fish, is 
dispersed over all the seas. 

The migration of fishes is occasioned by their being impelled to 
seek shallow water to deposit their spawn. Thus the herrings, conir 
ing from the depths of the frozen sea, proceed every year to the coasts 
of Ireland, Scotland, Norway, Sweden, Denmark, Holland, and the 
United States, and to Kamschatka, and the neighboring islands. 
It has been proved that immense shoals of these fishes follow me- 
chanically the direction of the chains of submarine banks and rocks 
which they meet with in their progress. Tunnies migrate annually 
from the Atlantic to the Mediterranean. The currents of the ocean 
occasion other miijrations besides the annual ones. The observations 
of Biot and La Roche, by demonstrating the admirable property of 
the organs of respiration in fishes, by which they ciin inhale the 
more oxygen the lower they descend, seem to remove all limits to 
the migrations of species whi^ live in the lower parts of the sea ; 
and in fact, the very same species have been found both in the Arc- 
tic and the Antarctic Ocean. As we cannot suppose they coidd 
stand the high temperatiue near the surfiice of the tropical seas, 
during their migration, we must suppose that they passed from one 
region to the other at a great depth.* 

The fishes of lakes and rivers are not susceptible of any accurate 
geographical classification. The kinds cyprinus and perca, or carp 
and perch, people all the rivei*s of the temperate zones. The stur- 
geon is found in the smaller inland seas, such as the Baltic, Caspian, 
and Black Seas. The larger species, common in the Volga and 
Danube, are in their turn surpassed by the silurus glanis, the giant 
of river fish. The voracious pike often inhabits subterranean seas 
which communicate with the atmosphere only by small 0]>eningB, 
and so do some other species. 

There are some fishes which occasionally forsake their native ele- 
ments. Eels cross meadows, and on the coast of Coromandel, a 
kind of perch, called perca scanderus, climbs up the \\\xn trees. 
Sonnerat observed fishes that lived in warm springs of a very eleva- 
ted temperature. 

* Live aninials have been taken up from a depth of 1000 fathoms; and h 
is posisible that som3 may be found still lower. 
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Reptiles are distinguished by possessing a heart with three cavities, 
two auricles, and one ventricle, a structiu'e intermediate between that 
of fishes and mammals. They are also cold-blooded, like fish, and 
generally slow in their motions. Their power of digestion is ex- 
tremely slow ; hence some of them can live for years without eating. 
Their sensations are obtuse ; and they all spend a part of their lives 
in 9 torpid state — ^in cold regions, the winter, and in hot regions, the 
diy season. The circulation through their lungs is so feeble that 
respiration can be completely suspended without arresting the general 
circulation of the blood. Some of them, as the turtle and the alliga- 
tor, continue to hve and exhibit apparently voluntary motions after 
losing their brains ; but it is doubtful whether the motions then per- 
£>rmed are not of a reflex or mechanical nature exclusively. Tliey 
are mostly oviparous, but never hatch their eggs. 

Reptiles are divided into five classes, viz. : — 1st. Mkizodonts (root- 
toothed,) those having teeth with roots, and being covered with scales, 
as the crocodile and the alhgator. 2d. Saurians* or the lizard 
tribe, which have the teeth united to the jaw, without any root. To 
this class belong the common hzard and the chameleon. 3d. Ophid- 
ians* or the serpent tribe, which can move the jaws sideways, as 
well as up and do^vn, whereas lizards are capable only of the latter 
motion. To this class belong numerous well-known species, from the 
great boa-constrictor to the garter-snake. 4th. Chelonians* or the 
turtle tribe, including the various kinds of turtle and tortoise. These 
are distinguished by being protected both above and below Ifjr a hard, 
bony cuirass, under which they can draw head, legs, and tail, in times 
of danger. 5th. Batrachians* or the frog tribe, including all kinds 
of frogs and toads. These are distinguished by ha\ing a soft, naked 
skin, and possessing gills like fish during the early period of their 
existence, which some species retain through life. The whole num- 
ber of species of reptiles known exceeds 1,000. 

A few reptiles are found in cold regions ; they are numerous in 
temperate cHmates ; but they are most abundant within the tropics, 
where most of the largest species are found. 

Of the rhizodonts, the pnncipal are the gavial of India, the croco- 
dile of Africa, the alligator of the United States, and the cayman of 
South America. The order was much more numerous in former 
periods than it is at present. The same is true of the saurians, which 
are not only less numerous, but much smaller than those of the te- 
trazoic period, Tliey generally have four feet, although some si^eciea 

f Those terms are derived from the orditiary QtTe^xv»xCkfta\— v»i{w\>^"^^"«- 
ard-^^yMM, B aerpent — c/ielus^ a tortoise — ^ond batro/cKo*, ^^Q^« 



have none, while the ophidians have no feet, eioept a few speda^ 
which have rudimentary feet. All the aa\irians have a long, (hm, 
ibrked tongue, like snakes. One of the most n^nurkalile b the 
dragon, found in India, an animal very difibrent trom t^at known in 
nursery taltw ani heraldry. It is a lizard, supplied with two mem- 
branee ninning from its fore to its hind legs, BomeUiing like the wings 
of a bat. TliesQ do not enable it to &y, but ooly assist it in leaping 
from bough to bough, in pursuit of inaecta. It la as harmless as the 
common nzard. One of the largest of the order is the iguana Ol 
South America, which is about live leet long. It is exclusively ' 
bivorous, nnd reckoned very Jine eating. 

It is a common opinion that all the serpent ti-ibe 
whereas in reality hardly one fifth of the various spedea, and none . 
tho latgest,nre so. Tliose which are poisonous have movable hollow 
teeth, uniting with the sac containing the poison, wliich is injt>cled 
into the wound through tlio tube in the tooth. The most remarka- 
ble of poisonous snakes, are llie asp of ^^;ypt, the hooded enake of 
India, and the copper and rattle snakes of America. There are sev- 
eral species of sea-^rpents, which live exdusivcly in salt water, ani) 
are all poisonous. Some sei3)ents hve chiefly m trees ; tliese are 
found within the tropica, and chiefly in South America. The boa- 
eoasfrictoT of that countiy is the largest of all the ophidians, " ~ 
found thirty feet long. It is capable of BwalloivJng whole the i 
of a horse or cow. Tlie largest snakes of the Old World an 
pythons of Asia and Aflica, the largest of which is twenty feet li 
lliese are sometimes called boas ; but they are difierent from 
American boas. When these laige species have swallowed 
they are very slothful, and slow in tlieir motions, so that ^ixty 
killed without danger or difBculty. 

The chelonians are confined to temperate and warm regioDs, 
larger to the latter exclusively. Europe contains only a few of 
smaller kinds. They abound in Africa, Malaysia, the United St 
and South America. Some hve on hmd exdusivelv, and eom 
amphibious. Some large spedes are found in the West Indies 
the largest of all tlw order, ia the turtle of the Galapagos, i 
BometJmea weighs upwards of 500 lbs. 

'The biitrachians are noted for undergoing a metamorphoMs, similai 
to that of insects. "When firat hatched, Uiey have the appearance, 
and lead the life of fishes, breathing only water. Af^r a while, legs 
are seen protruding from their nidea ; the gills and tail become atro- 
phied and disappear, although in some spede 
life, and no legs appear. In every ease, howc 
the water, and henceforth cliiefly breathe air. 
I tier are known as iadpolei, tetroeA m. wm 
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The batrachians are most abundant in America, and least so in 
Europe. In Polynesia, none have ever been discovered. The largest 
of the order is the hufo agua^ or Brazilian toad, which is about a 
foot long. Frogs are the most numerous genus of reptiles, there 
being upwards of 100 species known. Of toads there are scarcely 
one third of that number. Of batrachians that retain the tail through 
life, the most remarkable is the salamander, or evet. This animal, 
in oommon with all batrachians, has a great power of resisting the 
influence of external heat, on account of a rapid evaporation from 
the skin, and its power of retarding respiration without stopping the 
circulation of the blood. Hence, probably, arose the story that it 
could hve in the fire, which is a mere fable. 



I XVII.— Birds. 

« 
Birds are very uniform in structure, and therefore require only a 
brief description. They differ from all preceding classes, and agree 
"with mammals in being warm-blooded, ha\ing a double heart, and 
the brain much larger in proportion to the size of the body. That 
of the sparrow, for instance, is half as large as the brain of the 
Galapagos turtle. The great peculiarity in the structure of birds is, 
that the anterior extremities are wings, instead of legs or arms, al- 
though the bones in the wings are quite similar to those in the fore 
1^ of quadrupeds. They are further distinguished by the mouth 
terminating in a bill, without teeth, and the body being covered with 
feathers, and the feet and claws with scales. Tliey differ from all 
mammals, and agree with the lower classes in being oviparous. To 
render them hght, they are furnished with a large air-sac, which ex- 
tends from the lungs into the abdomen and the bones, so that the 
latter (which are very thin besides) are filled with warm and conse- 
quently hght air, instead of marrow. More than 6,000 si^ecies are 
known. They are divided into five orders : — Ist. Raptor es — birds 
of prey. 2d. Insessores, or perchers, which includes most of the 
small birds. 3d. Hasores, or scrapers, including the common hen, 
turkey, partridge, grouse, pheasant, <fec. 4th. GrallatoreSy waders, 
such as herons and snipes. 5th. Natatores^ swimniei*s, such as ducks 
and geese. These orders are distinguished by the structure of their 
feet, and a corresponding form of the beak. America contains more 
species than any region of the old continent ; and Euroj)e exhibits 
more than either Asia or Africa. Tlie most beautiful birds are found 
within the tropics ; but the sweetest singers are natives of the tem- 
perate zones. Some birds are found all over the worlds es^^^^^^^^ 
sea-fowls, while others newer go beyond cextawv T\a>?c\o\^\\\^^^^?^• "'^Nsssa. 
the condor, and the king of vultures, never io\^Skk<^ ^iXvi^^crtvJs^'swsa* <^ 
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Peru and Mexico. The European vulture and great eagle, nerer 
remove from the ridges of the Alps, while the sea eagle, or oepray, 
is distributed over the whole globe. The paroquets, common in 
America, are exclusively found in the torrid zone ; the cockatoos are 
found only in the East Indies ; and lories, most beautiful birds, in 
the islands south-east of Asia. The celebrated bird of paradise 
is never met with beyond the limits of a very narrow region of the 
torrid zone, viz. : New Guinea and the neighboring islands. Of birds 
which cannot fly, every equatorial region, insulated by the sea, has 
produced particular kinds. The ostrich, of Africa, the cassiowary, of 
Java, and of New Holland, and the toucan, or ostrich of Brazil, ex- 
hibit, in very distinct species, the same general features of organi- 
zation. They are all distinguished by a flat breast, small wings, and 
downy feathers. Though unable to fly, they run with amazing velo- 
city, the ostrich, for instance, sometimes going at the rate of 100 
miles an hour.* It can be caught only by tiring it out by means of 
a relay of horses. The smaller birds in the tropical countries are 
adorned with the most splendid colors, and their plumage vies with 
the metallic brilliancy of the insects of the same zone, while it is 
much more varied. 

The temperate zone of birds reaches, in the eastern hemisphere, 
from the 30th to the 60th parallel. Within these boundaries the 
various genera, and even some species, are no longer confined to re- 
gions distinctly marked, and have no particular fixed countries. Sev- 
eral species have followed the footsteps of man, as he removes to dis- 
tant countries, either by force or naturally. The mocking-bird, for 
instance, is said to follow civilization. 

The most remarkable geographical phenomenon in the history of 
birds, is the annual migration of many species, including swallows, 
martins, wild geese and ducks, storks, cranes, &c. These, (which are 
termed birds of passage,) at the approach of winter, abandon the 
colder climates, to spend the winter in warmer regions. Some 
species of swallow were formerly supposed to plunge themselves into 
lakes and marshes, and there remain in a dormant state during the 
winter : but such an opinion is entirely without foundation, and could 
have obtained general currency only when the difference between 
birds and reptiles was not well known ; for, owing to their \igorous 
respiration, it would be more difl&cult for birds to live in such a 
situation than for men. 

The frozen zone has few species belonj^ng to it : among them is 
the anas moUissima, whose nests furnish the eider-down. But we 
should consider this aquatic bird as only frequenting the shores of 
the frozen seas. The strix lapponica^ or Lapland owl, and the tetrao 

* " What time she lifteth up herselt oa\Ai^^<& «G«rc^\k \h& horae and hif 

lider^'-^OB, ^inn^^ 18. 
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lagopus^ at tannachan, live upon hi^h, cold mountains. The latter 
becomes bo white in winter, that it is difficult to observe it on the 
anow ; while in summer it is more brown than white, and then is not 
easily noticed among the heath. 

Every great maritime division of the globe has its peculiar birds. 
The albatross flits along upon the waves, as soon as we approach the 
40th parallel of latitude. The sea-swallows and tropical birds never 
Ibfsake the torrid zone. Eagles and hawks are found in most parts 
of the world ; and North America presents us with a great variety 
of species. Here also is found a great number of various kinds of 
owl. The immense family of the humming-birds is wholly Amer- 
ican, most of the species being found in the warm regions of this 
continent; though some are seen as for north as Canada, These are 
all distinguished for the extreme beauty of their form and plumage, 
the smallest species (which is not larger than a wild bee,) looking 
altojjethcr like a creature of the imajrination. America contains 
more birds of passage than any other part of the world ; and the 
immense numbers in which they migrate, is almost incredible. The 
speed with which they fly is equally astonishing : wild pigeons have 
been known to go 500 miles in a single day. On the western coast 
is seen the white albatross, one of the largest and most powerful of 
bi|ds. It often measures 14 feet from tip to tip, and can fly a whole 
day without alighting. This is the native country of the turkey, 
which is still found wild in the forests, where it attains a size and 
beauty surpassing anything which it exhibits in the farm-yard. 

Many North American species are identical with those found in 
Europe ; but those of South America mostly differ from all the rest 
of the world ; and that country contains many more species than any 
other. There are upwards of 1,000 species of perchers pecuhar to 
it. The condor, or vultur gryphus^ may be seen flying four miles 
above the sea-level. This bird is anaong the largest of the raptores, 
although its size was long exaggerated. It is killed with great diffi 
culty, since its feathers resist even a musket ball, unless closely fired. 
It hves on carrion. The largest and fiercest of the eagle tribe is the 
aquila destructor, or destroying eagle, found in Guiana and Brazil. 

Europe seems to be the native country of the domestic duck an i 
goose, where they are still found wild. The red grouse, or heath- 
cock, of Britain, is peculiar to that island, on whose mountains they 
are shot in myriads every autumn. The whito grouse, or tarmachan, 
is foimd in Scotland and Scandinavia. In Britain, also, is found the 
tetrao tetrix, or blackcock, a large and beautiful bird of game. The 
capercailly, or tetrao urogallus, is now found only in Scandinavia, al- 
though formerly common in Britain. Partridges abound throughout 
Europe. Of its rapacious birds, the mc>a\. tioXaJoX^ «t^ '^^ ^^^^ 
e^gie, found through western and central "EMTO^^>i3ci^\^^ssca«t^^^>' 
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speeies of vulture, found in the Alps and Pyrenees, and the &Iooiiy or 
blue hawk, formerly much used in hawking. This bird is now found 
only in north-western Europe. 

South-eastern Asia and the adjacent islands are noted for the 
beautiful plumage of its birds, though few of them equal the dazzling 
and varied lustre of some humming-birds. This seems to be the 
native country of the domestic hen ; and wild peacocks are still found 
in India. When we pass to Australasia, the birds become peculiar.* 
Some of the most remarkable species, however, appear to be extinct: 
tho dinornls giganteus (terrible gigantic bird,) of New Zealand, was 
about 12 feet high, — much larger than any ostrich. In Australia are 
found black swans, and white hawks. The tui, or parson-bird, a na- 
tive of New Zealand, is a better mimic than any parrot, and can be 
taught to repeat whole sentences. It is of a jet-black color, with a 
white tuft on the breast. 

To Africa we owe the guinea fowl, throughout which it is still 
found wild. Many species of grouse and partridge are peculiar tq 
this quarter of the world. The ostrich is found in its northern parts, 
and in Arabia. 



§ XVIII.— Mammals. 

Mammals resemble birds, in possessing warm, red blood, and a 
double heart : but they differ from them and all other classes of an- 
imals, in being viviparous, and suckling their young, whence their 
name — from mamma, a teat. They include most of the large ani- 
mals, and all the more sagacious : they are distinguished by a more 
complex organization than those already considered, and by exhibit- 
ing more of those affections which are so fully displayed in man ; so 
that they are at once more intelligent, and possessed of more varied 
and permanent feelings than any other class of animals. This, com- 
bined with their immense utility to mankind, gives them a degree 
of interest far superior to that which attaches to sych animals as 
sponges or polypes, or even to kites and crows. Hence the masses 
of mankind feel much more interest regarding them : and their 
habits and characteristics were closely observed, when yet the best . 
informed naturalist could not positively say whether the polypi were 
plants or animals, or whether the crab was a fish or a beast. It was 
only recently, however, that they were classified according to theif 
real affinities ; and the classification of Aristotle, made about 2,200 
years ago, is considered, by competent judges, superior to any that 
succeeded it, till the celebrated Cuvicr, in our own day, arranged 

* Australasia may be said to have a pec\iUar eet of organic beings, both 
plants and ammab ; and many of tihe \at\«T a^^eAx \a \3ia ^erj s^x^t^gsi^ax. 

i 
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them in a manner so satisfactory, as to supersede all former divisioKUU' 
CDs classification is essentially adopted by Professor Owen, of Lon- 
don, one of the most distinguished of living zoologists, who divides 
all the mammals into 12 orders. These are given below, beginning 
with the lowest. 

1st. Monotremes^ whose alimentary canal terminates like that of 
birds. Of this order there are only two genera, both Australian. 
One is the omitkorht/nchus^ (bird-beaked,) which has the bill of a 
duck, and otherwise resembles a mole : whence it is termed the 
water-Tfiole, The other genus is the echidna^ a kind of ant-eater, 
with spines like a porcupine. The males of both genera have the 
hind foot armed with a curved spur, which is hollow, like a viper's 
&ng, and has a poison-sac at its root 

2d. Marsupials, (pouched animals,) where the female has a part 
of the abdominal integument folded inwards, so as to form a bag, in 
which the young are carried for a time after they are bom, or shielded 
from danger. The best known of this order are the opossum, wom- 
bat, and kangaroo. 

' 3d. Rodents, (gnawers,) which have two long chisel-shaped incisors, 
or cutting teeth, in each jaw, with no canine teeth. To this order 
belong mice, rats, hares, squirrels, rabbits, beavers, porcupines, and 
guinea-pigs. 

4th. Edentals, (toothless,) where the teeth are more or less im- 
perfect, although they are not strictly destitute of any teeth. The 
cutting teeth are generally wanting. To this order belong the ant- 
eater, sloth, manis, and armadillo. 

5th. Ruminants, (cud-chewers,) which want incisors in the upper 
jaw and have a comphcated stomach of four cavities, so disposed as 
to allow the food, after being .first swallowed, to be returned into the 
mouth for thorough mastication and insalivation. This order is large 
and very important, including the ox, bufialo, bison, sheep, goat, 
diamois, the various kinds of deer, elk, and antelope, the camel^ 
lama, and camelopard. 

6th. Pachyderms, (thick-skins,) which are distinguished by the 
great thickness <^ their hides and their solid hoofe. This order in- 
cludes the horse, ass, zebra, hog, rhinoceros, elephant, and hippo- 
potamus. 

7th. Cetojceans, (whale tribe,) which are distinguished by the poa- 
terior extremity termioating in a fishy tail, which, however, is hori- 
zontal, and not vertical, as in all fish : the anterior extremities are 
go formed as to answer the purpose of paddles ; and they have a 
lai^e nostril or two on the upper side of the head. The order in- 
cludes the largest of all animals, — ^the most important being the 
Greenland or right whale, cachalot, or sperm-wliak^ ^^sckY^&^'a^sJSAr 
t09, ddphin, and porpoise. The whole oidec S& ^c^^avcivas^ ^^^^^^ 



288 ZOOLOGY. 

are popularly confounded with fish, because they live in the ocean i 
but as they have a double heart, with warm, red blood, breathe ah 
(not water, which all true fish breathe) and suckle their young, they 
are by all naturalists classed with mammals; and they are no 
more fish than seals or otters. They are protected by a thick layer 
of fisit fi'om the effects of a too rapid escape of heat by evaporation 
when they are above water, or convection when below. 

8th. CamivoranSj (flesh-eaters,) which have cutting teeth in each 
jaw and two long and pointed canines, with sharp molars, adapting 
them to destroy living prey, and devour the flesh : the extremities 
are furnished with claws, for the same purpose. The order is very 
large, and some of the species are the most formidable of the 
animal creation. The principal are the Hon, tiger, leopard, panther, 
cougar, or puma, jaguar, cat, lynx, hyena, bear, wolf, dog, fo3^ 
jackal, weasel, walrus, and seal. 

9th. InsectivoranSj (insect-eaters,) which have small sharp points 
on their molar teeth, enabUng them to devour insects. The order is 
small, the mole, shrew, and hedgehog, being those best known. 

10th. CheiropteranSj (hand- winged,) which have the anterior ex- 
tremities furnished with long fingers, connected by a membrane, 
which serves the purposes of a wing. Bats and vampires are the 
principal genera. 

11th. Quadrumans, (four-handed,) which have the four extremities 
terminated by hands. This order is very extensive, including the 
numerous tribes of the ape, monkey, baboon, and lemur. 

12th. Biman, (two-handed,) where the upper extremities termi- 
nate in hands, while the lower are so constructed as to furnish a 
steady support, without any assistance from the upper. This order 
contains man, who stands in it alone. Unimportant as the above 
peculiarity might appear, it is in reality one of the most important 
physical advantages that the human structure possesses over those 
of the lower animals : for the possession of a heel, strong lower 
limbs, and a body balanced upon them, — all of which are peculiar 
to man,-— enable him to employ his hands freely, without being 
obliged to employ them in maintaining an upright position. All 
the quadrumans naturally stoop, and are obliged to employ the 
upper extremities for permanent support : hence they could not per- 
form any nice or complex manual operation, even if they could con- 
trive it. The human system possesses several other advantages over 
that of the most elevated of the lower animals ; but the preceding 
will suffice as a distinction. It is in his mind, however, that we find 
man's incomparable superiority over the highest of the brute crea- 
tion. About the end of last century, Helvetius defended, at some 
length, the paradox that man's superiority was dependent solely iipon 
hh handf and thai he did not ^ex ^^Ookali^ ^k^idl the lower 
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animals. It is, no doubt, very true that the human hand is very 
superior to that of a quadruman : yet the single remark of Dou- 
gald Stewart refutes the whole of Helvetias' argument : monke}^ 
warm themselves by a fire left by travellers in the wood ; but they 
never have the sense to throw on a stick to prevent it from going 
out, though their hands are very competent for that purpose. 
Much less have they ever kindled a fire. Another fact shows that 
man owes more to his mind than to his physical superiority : his 
hands are often so injured by accidents -«s to become decidedly 
inferior to those of the baboon ; yet he still produces pieces of 
mechanism and performs operations which no quadmman ever 
attempts, much less efiects. Socrates, therefore, took a much more 
correct ^iew of the case, more than 2,000 years before Helvetius 
was born, when he argued that man's body was adapted to his 
mind, and an ox's capacity to his, whereas there would have been 
folly in uniting the psychical characteristics of either to the physical 
structure of the other. We have introduced man here, simply to 
show where he stands physically considered. His importance will 
demand a separate division ; and therefore we say no more of him 
in the present. 

The orders above enumerated — ^which contain more than 1,500 
species — ^are distinguished by many other peculiarities, corresponding 
with those we have mentioned : but we consider it unnecessary to 
state them in this work. For a knowledge of these, and of the 
pecuKarities of the various genera and species, we refer to Jones' 
Outline of the Animal Kingdom, and the works of Cuvier, Grants 
and Owen. 



§ XIX. — Domesticated Mammals. 

In surveying the distribution of mammals, we perceive they may 
be divided into two classes — ^those which are found in every part, or 
at least in most parts of the world, and those which are found only 
within certain limits. To the former class belong most domestic 
quadrupeds ; and it is remarkable that those most useful to man can 
attend him through every clime, while difference of circumstances 
produces endless varieties of the same species. The fleecy sheep, the 
milk-giving cow, and goat, the powerful horse, the hardy ass, the all- 
devouring hog, the faithful dog, and even the social and amusing 
cat, accompany him from the equator to the farthest vi^rge of civili- 
zation ; and wherever man can flourish, so can they. The horse and 
the ass are natives of central Asia ; but they flourish equally well on 
the prairies of the Mississippi, or the pampas of t\v^ La^ Y\s^a« '^^^^ 
cow is a native of Europe, and northern Asv^w \sv>X. ^<5i \% ^w^cisS^ 
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productive in America ; and sheep flourish uncommonly well in Adb- 
tralia, though they are natives of Asia. There are a few rem^na a! 
wild cattle still found in eaatorn Europe, and also in Britain, when 
occurs tho wild-cat, very similar to the domestic variety, but largBt. 
and much fiercer. The domestic goat seems to be indigenoos Hqj 
Europe and Asia, where it is still found nild. The hog is fonnd wiS 
in eastern Europe, and northern Asia, at this day. 

In the preceding paragraph we sptjie only of the domestio epeciee ; 
but many others of tJie same genos are ouen found in a wild state. 
Thus Nortli America contwus a apedes of goat, and ajjother of 
sheep, found among the Rocky Mountjuns — the latter iMger than any 
domestic sheep, wiui immense boms — and the American bison, ^n- 
erally termed the bu^o,) is only another species of cow. It was 
formerly found as far east as Connecticut ; but the tide of humaa 
population has driven it beyond the Missiasippi, between wMch "* 
the Eocky Mountains it is still found in large nerds, from 30'' to 
N. lat.* Abyssinia contains another species of ox, with boms 
&et long, and seven inches in diameter at the root. The Cape bu£&la 
is another, belonging to the same countiy. The prindpal other 
apeeies is the amee bufialo, found in India, whose horns are some- 
tmies upwards of lax feet long, and half a foot in diameter. It is 
domesticated through Asia, nurthem Africa, and Italy. ITie urus, or 
auroch, of Lithuania, appears to be the common ox, in a wild state ; 
and the brahminy bull, of India, is only a variety of the same spedes. 
The European bison, however, ia a difierent species, distinguished by 
having fourteen pairs of ribe, whUe the common ox has thirteen, ana 
the American bison fifteen. The mouflon, a spedes of sheep, is ilill 
found wild in Sardinia and Corsica. The aigali, of Asia Minor, th« 
rass and the kuchgar, of Thibet, appear to be all different spedes of 
sheep. The kiang, or jiggetai, of Tliibet, is another of the bona 
spedes. The yellow goat, the shawl-wool goat, and tlie Tartar 
of the same country, seem to differ from the common domestic 

There are many other animats besides those fonnd in a domi 
cated state, which are found throughout the world. Of these 1 
may mention tJie fox, hare, wolf, squirrel, weasel, bear, rabbit, el ' 
rat, and mouse. The latter spedes were probably dispersed by i 
of ships. In many cases, however, the spedes is difierent, tl 
the genua is the same. Many of the quadrupeds found in 

• "We tlunk onr agricnlturiata ahould try the eiperimant i _^ 

this animal. Bod abo the native qlieep and goat. It h verf probable tbsT' 
wouli! suit tJie country liettcr tlinn Uie imported spedes. llie Marquis of 
Breadolbane a trying such an exyierjiuent with (lie American titwn at Taj- 

. montli, in Scotland : lint it would be more likely to succeed in ths aninian 

I tiatire ooantrj. 
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Aortlieni parts of North America, are the very same species as occur 
in northern Europe, and Asia. The two continents were probably 
connected at Bhering's Strait ; and if not, the ice forms a natural 
bridge, and sometimes a raft, on which they could pass. We infer 
that the same species, found in both countries, had one origin, and 
passed from one continent to the other ; because it is only in the case 
of such as can stand a cold cUmate, that identity of species exists in 
the two continents. The large pachyderms and felidae, such as the 
elephant, horse, tiger, or lion, are never found specifically the same in 
the Old World and in the New ; and most of the mammals of South 
America are peculiar. Our knowledge in regard to the distribution 
of species, leads us to conclude that the- same species never had more 
than one origin, though the same genus often had several. Asia, 
Africa, North America, and South America, have all many peculiar 
species. We never find the same species, except in situations which 
lead to the supposition that they sprang from a common source. 



§ XX. — ^NoRTH American Mammals. 

North America contains many species of deer, some of a very 
large kind. The wapiti, (sometimes called the elk, though errone- 
ously,) resembles the stag, or red deer, but is much larger. It is 
found in Canada, and along the Rocky Mountains. The stag, or 
Virginia deer, is found throughout the country, from Hudson's Bay 
to Mexico. The moose, or American elk, is found in the wilds of 
Maine, and through the forests, on to the Pacific, but never south 
of the lakes. This animal greatly resembles the European elk ; but 
it is a different species. The horns sometimes weigh 15 lbs. each. 
The carabou, or American reindeer, is found in the arctic regions, 
and down towards the gieat lakes. The musk-ox is found along the 
Arctic Ocean ; it derives its name from its flesh smelling strongly of 
musk. The prong-homed antelope is found west of the Mississippi 
to Mexico. 

The American white or polar bear, is the same as that found in 
northern Europe. It generally lives along the coast, never going far 
inland, and often passes from place to place on floating ice. It does not 
hybemate, like other bears. When full grown, it is 9 feet long, and 
4-J- high, and remarkably strong and fierce. The gi'izzly bear is 
found west of the Mississippi to the Pacific, and as far south as 
Mexico. It is not inferior to the polar bear in strength or size, and 
is still more fierce. The American black Ix^ar is more numerous, but 
much milder and smaller than tlie preceding. It is found all over 
Nwth America, and is omnivorous, devouring roots^ berrleiR^ ^^^> 
fish, <fec. The other two species are dv\eiVy <iativ\\o'to'>B&. . 
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The puma, or cougar, (sometimes called the panther, and Ameri- 
can lion,) is the only fonnidable animal of the feUne race in North 
America ; but it seldom attacks man. It is found throughout the 
country, fi'om Candida to Patagonia. Wolves, tbxes of various spe- 
cies, and wild dogs, are found in all the unsettled parts of the country. 

North America is remarkable tor its variety of fur-bearing animah| 
among which the ermine, otter, marten, weasel, and musk-rat, are the 
most impoitant These are now becomuig scarce, and are found 
chieHy in the most remote and solitary regions ; and the time seems 
to be near at hand when the "trapper's" occupation will be num- 
bered with the things that were. 



g XXI. — South American Mammals. 

South America is much less remarkable for its mammals, than for 
its birds. Of its beasts of prey, the jaguar, a beast resembling the 
tiger, is the most formidable. It is found throughout the warm 
regions, as far as the La Plata. The monkey tribe is extremely 
numerous, though almost unknown in North America. They are 
mostly of the smaller kind, the baboons and orangs of the eastern world 
being unknown: but they are more playful, gentle, and beau- 
tiful. The deer species are neither numerous nor important. Mar- 
supials are found, of many species, chiefly opossums. Bears, so 
common in North America, appear to be imknown. Tins is one of 
many proofs that the animals of South America are very distinct 
from those of the northern continent. 

The largest of South American mammals is the tapir, a pachy- 
derm, with a short proboscis, of which there are two genera. The 
principal ruminants, are the llama, the vicuna, and the alpaca, all of 
which somewhat resemble the camel ; but they are much smaller. 
They are foimd only on the Andes. The \icuna produces a fine wool, 
and the otlier species are sometimes used as beasts of burden. The 
llama was the only animal of tliat kind, possessed by the aboriginal 
Indians. The edentals are numerous : the principal are the ant-eater, 
found as far south as the La Plata — the armadillo, protected by a 
bony covering, found on all the warm plains — and the sloth, which 
is found only in the warmer regions, where it may often be seen 
rolled up into a ball, and suspended from the bough of a tree, look- 
ing more like a large tuft of moss than like an animal. The move- 
ments of its limbs may be compared to the minute hand of a clock. 
The w^hole tribe live almost exclusively in trees. Rats and mice are 
numerous, and of many species, several of which are very peculiar. 
Upon the whole, the mammals of South America bear a closer re- 
Bembl&uce to extinct species, than t\\0Bft of oihar ijarts. 



ECTBOPBAK MAMMALS. 2tl7 

The ^^uadnipeds introdaced from Earope have greatl} changed 
the £iana of this continent. Now its llanos and pampas are tenanted 
by immense herds of ^ild cattle, horses, and asses,— of the finest 
kind : and among tlie Andes may be found large flocks of sheep. 
The possession of the horse and sheep have completely changed the 
habits of some of the aboriadnes. Thus the Araucanians of OhiH 
now tend their flocks, and ride on horseback, like so many Toork- 
maDfi, whereas, at the discovery of the continent, they were hunters 
exclusively. The value of these animals they were not slow in ap- 
preciating ; and they came against the Spaniards with a strong cav- 
alry force only 15 years after they had first seen a horse. They still 
possess a great part of Chih, and have not been subdued to this day, 
though often attacked. 



§ XXn. — European Mammals. 

Europe contains no indigenous quadrumans ; and its species of 
quadrupeds are not very extensive, though very important. Several 
OT these have been already mentioned in speaking of domestic ani- 
maku The elk and reindeer are found in its northern parts. The 
latter is found both wild and domesticated : it constitutes nearly the 
whole hving of the Laplander, who feeds on its flesh and milk, and 
is clothed with garments made of its skin, sewed with threads of its 
sinews. It is never found to flourish below the parallel of 60°, in 
Europe, or the 45th, in Asia; south of this, it gives place to the 
stag, or red deer, the fallow-deer, and the roe. Of beasts of prey, 
the principal are the glutton, foimd in the north — the black and the 
brown b^, found in central Europe — the polar bear, that never 
goes beyond the shores of the Arctic Ocean — the wolf and the fox, 
common throughout the country, and the lynx, now found chiefly in 
Spain. Many rapacious beasts have now become extinct in many 
parts, as the lynx in central Europe, and the wolf and the bear in the 
British Isles. The wolf disappeared there, little more than 100 years 
ago. The cunning fox maintains his ground almost everywhere. 
The variety found in the north is larger and fiercer than the 
Italian, or southern, and often does great damage among the flocks. 
In the Scottish Highlands, the fox-hunter is a regular j)aid function- 
ary, whose services are in frequent demand among the shepherds. 

The ibex and chamois, animals resembling the goat, are found 
among most of the high mountain chains, whence they never descend 
into the plains. The beaver is still found on the large rivers of 
eastern Europe : there are several species of squirrel ; and the otter 
is ooomion in many parts. The hedgehog is general ; and the por- 
cupine occurs alon^ the Mediterranean. 
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§ XXIII. — Mammals of Asia and Oobanica. 

The mammals of Asia are more numerous than those of Europe, 
but those of northern and central Asia are in a great measure 
the same, although upwards of 300 species are peculiar. Asia 
is the native country of the camel, of which there are Iwo species — 
tlie Bactrian, or two-humped, which is very strong and hairy, found 
in central Asia and round the Caucasus, and the common, or Arabian 
camel, which is one-humped. This species is now conmiou all over 
northern Africa. Its structure most clearly indicates the countries 
for which it was designed ; its astonishing powers of abstinence fiwm 
food or drink, its relishing the coarse prickly herbs of the desert, its 
broad spongy feet, and even its nostrils, (which can close completely 
on the simoom, or flying dust,) indicate that it was designed for the 
great deserts. An immense amount of nutriment is laid up in its 
hump, on which it Hves during long journeys ; and it is furnished 
with a fifth stomach, in which it carries water, which is transferred 
to the paunch as its needs require. The water is preserved in this 
stomach so sweet that it is common for caravans, when short of wa- 
ter, to kill a camel for the sake of the water bag. It can go without 
water for more than a week, and smells it at a great distance. It is 
to the Arab what the reindeer is to the Laplander. The dromedary, 
or mahairy — ^whicli is only a lighter and swifter variety — goes with 
a single rider about 100 miles a day ; and the heavy variety gener- 
ally canies 800 lbs. at the rate of three miles an hour. The Bac- 
trian camel seems desiorned for the cold, as the Arabian is for the 
warm deserts. It is said to be still found wild in Tartary. 

Asia abounds with deer and antelopes, tliere being no less than 
20 species of the former, and half that number of the latter. The 
musk-deer is peculiar, and found on the central tableau. Among 
the pacliydeniLs are the ol('i)hant, now found only in India and the 
adjacent islands, though formerly found beyond the Indus — two 8];e- 
ciea of rhinoceros, one single' orned and the other two-horned — a 
species of tapir, found in Sumst-a — and the babyroussa hog, found 
ir ■hf' tbrests of the Asiatic \rchipelago. The tusks of this animal 
Q.^ve upwards and backwards, fuid thus serve to defend its eyes in 
Tv^^iJ^i; through the jungles. 

rii.o o^ost formidable of -Jxe Asiatic camivorans is the tjger, which 
: . %u ii'i Fouth of the Altrtiar. Mountains to the ocean. It is j>ecu- 
^ar *jo tl:is continent. The tiger has the reputation of being the 
rr».if>t crxiai of all animals, wliile ho is :i(>t remarkable for courau:e, 
FigL**" between ti^rs &ni^ wiid butbiloes are common amusements 
in the e«st, f^sad the despotic rulers of those countries, who keep a 
number , i' the Largast kind of tigcv '\t\ \TveTv?v«oTVQa, c>^w xcssAk^ thfita 
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their executioners, by throwing to them persons doomed to death, 
who are of courae quickly despatched and devoured. 

There are two species of lion, one without a mane, found in India, 
and another resembling the African lion, but with a smaller mane, 
and less powei'fiil, found from Syria eastward. Leopards, panthers, 
and ounces, are common : the jackal, a canine animal, is found in 
Syria and the adjacent countries, where it goes in packs. This is 
the fox of the Bible. The hyena is common almost everywh^«, 
and wild dogs abound in the mountains. 

Asia is most prolific in quadrumans, nearly two hundred sj^edes 
being peculiar to it. Many are found in India, and more occur 
among the islands. The most remarkable is the orang-outang, 
(wild man,) or red orang, which most resembles the human figure 
of all the lower animals, except the black orang of Africa. It is 
found only in Borneo and Sumatra ; it is about 5 feet high, and pos- 
sesses great muscular power in its arms. 

The mammals of Australasia are mostly marsupials, there being 
upwards of 100 species : there are no quadrumans, ruminants, or 
pachyderms. The largest of the marsupials is the kangaroo, which 
is easily domesticated, and of which there are eight species. Some 
of them are carnivorous and fierce, such as the animal called the 
tiger hyena ; but it does not belong to the carnivovan order. The 
principal animal of this order is the dingo, a kind or dog, which is 
found both wild and domesticated. 

Polynesia offers little that is interesting under this head: the 
principal mammals found there were dogs and hogs, which appear 
to have been introduced along with the natives, from Malajrsia, 
although several of the common domestic kind have been introduced 
of late. 



§ XXrV. — Mammals op Africa. 

The mammals of Africa are very interesting, and upwards of 250 
species are peculiar to it ; but many of them so much resemble 
tnose already considered that we need not mention them. Of its 
ruminants, the most abundant are the antelopes, of which there are 
upwards of fifty species, none of which, we believe, have ever been 
domesticated. They go in immense herds, with sentinels, which 
give an alarm in case of danger. They are extremely swift, and 
are caught by the camivorans chiefly by beinu^ surprised when they 
come to drink at the streams and sprinojs. The deer species are few 
in number,* and confined to the Atlas Mountains. Tlie camelopard, 

* The deer tribes are dii'tinguishovl from the anV«\c\Yia\5^\\3^x\ssa*^'^\iSSP^ 
w6lid and dedduouB, or ehed yeealj^ whereas those o^ Uka\aXXfc"t ^sxOaj^o^ ^SR^^ 
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Of ^raffe, is the largest and most singular of all rumiilflDtB. It k 
remarkable for the length and gracefnlness of its neck, which makes 
its head much higher than that of any other terrestrial animal, and 
the comparative shortness of ib; hind legs, which causes its back to 
slope down at a large angle. Its zoological place is between the 
deer and the antelopa, although it ha^ a mane and tufted tail like a 
horse. In this resi>ect it resembles the gnu of southern Africa, 
which, though sometimes called " the homed horse," is an antelope, 
with a mane and bushy tail. The horns of the giraffe — ^two in num- 
ber, and not three, as sometimes reported — are small, and covered 
with skin and hair ; but they are very powerful, owing to the long 
sweep of the neck, even the female ha\-ing been known to drive 
them in sport through an inch board. Its prominent eyes enable it 
to see bahind as well as before, so that it can guard against stealthy 
attacks from its rear. It has very strong and powerful hoofe, which 
it throws out with such force, when openly attacked, as frequently to 
repel and disable even the lion. But it is a very harmless anima!, 
and never attacks except in cases of necessity. It inhabits all Africa 
south of the Sahara, and like its allied species, is gregarious. 

The zebra and the quagga, animals of the horse kind, are peculiar 
to southern Africa ; and in the same region, as well as in central 
Africa, is found the only other extant species of elephant besides the 
Asiatic, from which it is distinguished by its huge ears, its convex 
forehead, and having three nails on the hind foot, instead of four. 
It is also smaller in size, with shorter tusks. Of the rhinoceros, there 
are four or five peculiar species, all found iu central Africa, some 
with two, and some with one horn. The hipj)opotamus is found 
along all the great rivers, from the Nile to the Orange. This animal 
is exclusively African ; and there is only one species. It generally 
passes the day in the rivers, with its nostrils above water, and comes 
out at night to feed on the banks. It is an herbivorous and harm- 
less animal. 

Tlie camivorans of Africa are numerous and formidable. The 
African lion, which is found all over the. country, is the most power- 
ful of all the carnivorans, and the most formidable of all animals. 
The largest variety is found in northern Africa. Many stories are told 
in books regarding the lion's generosity ; but those who have hved 
near liini, give them no credit His attack is as stealthy as that of 
the tiger; and many fati\l rencounters prove that the supposed 
power of the human eye to awe the lion, must be classed ^vith fo- 
bles. In boldness, however, as well as strength, he exceeds the 
tiger ; and he is also less addicted to wanton cruelty, and more easily 
tamed. Indeed there is no doubt that he is quite as susceptible of 

erttjanent, as in the ox. Deer axe also disUnguds^ed from all other rummants 
' ha ving no ^fall-bladder. 
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domesticaiaon as the cat,* which he closely resembles in structure ; 
but his enormous, strength and voracity would render him a very 
dangerous and unprofitable companion. Leopards and panthers 
abound throughout Africa ; and foxes swarm in every part of the 
country. There are also several species of wild dog, of jackals, and 
nyenas. The latter generally hunt in packs, and by this means often 
overcome opponents of the cat tribe, the lion not excepted ; for all 
these are solitary animals, while the canine trib^ — such as the dog, 
wol^ fox, jackal, and hyena— are gregarious, and generally go in 
packs. 

Of the weasel tribe, the most remarkable is the ichneumon, wor- 
shipped by the ancient E^ptians. It is domesticated both in Egypt 
and in India, where it is much more efficient than the cat in destroy- 
ing rats, mice, snakes, hzards, and other vermin. It is particularly 
noted for devouring the eggs of the crocodile ; and its services proba- 
bly aided in freeing most of Egypt from that formidable reptile, 
which is now seldom seen even in Upper, and never in Lower Egypt. 
The ancient story of its leaping into the crocodile's mouth when 
asleep, and devouring its intestines, appears to be a fable. It is easily 
domesticated, and becomes attached to the house and its master. 

Quadrumans of many species abound in all the warm regions of 
Africa, beyond the Sahara, and a few are found in Barbary. There 
are various kinds of baboons, and two or three species of the chim- 
panzee, or African orang, which is as large as the Asiatic orang, and 
more formidable. This animal bears a closer external resemblance to 
man than any other. 



§ XXV. — Marine Mammals. 

Of the phocidce, or seal tribe of camivorans, there are many 
Bpecies, of very various sizes and appearance. They are all cov- 
ered with a la^er of fat, like the cetaceans, and yield a valuable oil, 
while their ski-js are applied to a great many uses. They are found 
all round the shores of the polar seas, and down to about the 60th 
parallel, but seldom lower. The Greenland seal is to the Esquimaux, 
what the reindeer is to the Laplander, — his ])niicipal means of sub- 
sistence. The walrus, or morse, is among the larn^ost of the tribe, 
bein^ about 20 feet in lenorth, with two tusks two feet Ion or, turned 
nearly perpendicularly down. It is found only in the arctic seas. 
The common seal is found on the north-western coasts of Europe, 
and around Greenland. It is about 6 feet louix, with a head very 

* The wild-cat i3 fiercer than the lion, and exhibits more of the \)eciiLia.ri- 
ties of the tiger, as well as a greater external Tes^eT!cMatuee,>icv\\^isi2c^&a^-'^rS^ 
hhu^Btnpes, rerjr Eomilaj: to those of his more po^exi>3\. c;c»Yi^<&w^^ 
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like a bull-dog's. The otarisois, or sea-lions, are faand chiefly in the 
Bonthem hemisphere. They are characterized by having, projecting 
external ears, which thu other kinds want. They are mostly laiger 
than the common seal. 

The cetaceans, or whale tribe, consist of three genera. 

1st Herbivorous cetaceans, >vith £bit grinding teeth, and no in- 
cisors or canines in the adult. The principal kinds are the manatee, 
lamantin, or sea-cow, and the dugong, or mermaid. The former are 
found chiefly in the Atlantic, round the mouths of the large rivers, 
and the latter in the Indian Ocean and the adjacent seas. The 
manatee is about 14 feet long, and hves on the rank vegetation at 
the bottom of streams. The dugcmg is seen chiefly in salt water, 
and feeds on marine plants. It sits upright when suckling its young ; 
and this gave rise to the fabulous stories told of it, under the name 
of the mermaid, or sea-maiden. The whole txibe are gentle and 
harmless animals. 

2d. Rapouiious cetaceans, with sliarp teeth, and long jaws. These 
are carnivorous, hving on fish, and very fierce. They are found in 
every sea, from pole to pole. The largest kind is the well-known 
sperm-whale, which is 75 feet long, when fall grown, and 50 feet in 
circumference. They are foimd in every ocean except the Arctic, but 
are at present most numerous in the North Pacific and the Antarctic 
Ocean. The spermaceti is found chiefly in an immense cavity in its 
head. This animal defends itself desperately when attjicked ; and 
the fishery is attended with great danger. It is carried on mostly 
by American ships from New England. The smallest of this tribe 
is the porpoise, always seen in shoals, and often following fish up 
into rivers, where they are frequently left by the tide, and taken. 
The dolphin* is larger than the porpoise, being alx)ut 1 8 feet long ; 
and the grampus is still larger, and much fiercer. The male of the 
narwhal, or sea-unicorn, has an immense task projecting from the 
forepart of the head, to the length of about 9 or 10 feet. This is as 
hard as ivory, and wreathed throughout its length with a spiral 
groove. There is a second rudimentary tooth in the jaw, and these 
are all the animal possesses. In the female, both teeth are in a ru- 
dimentary state. The narwhal is generally about 15 feet long, ex- 
clusive of the tusk, and is found chieflv in the Arctic Ocean. The 
porpoise and grampus are found through the Atlantic and Antarctic 
Oceans also. 

3d. The haloenai^ or whalebone whales, which have no cuttinjj 
teeth, and no fin on the back, and have whalebone in the ui>per 
jaw. This terminates in a fringe of coarse strong hairs, which are 
in contact with the upper surface of the tongue, when the mouth is 

* The coryphene, which assumes a successioQ of bnUiant col(Nrs when dyio^ 
V termed dolphia by the poets ; but it is a tc\i<& ^:^, ^aod esitkely dififereot 
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dosed. The water which the animal gulps in huge mouthfiils is 
drained off through the interstices of the whalebone plates, and the 
small molluscous and crustaceous animals contained in it are sifted 
out, retained, bruised between the tongue and hairs, and finally- 
swallowed. The gullet of the largest of these whales is only a few 
inches in diamiete^ while that of the sperm-whale isicrrge enough to 
swallow a man whole. The Greenland whale, called by seamen the 
right whale, is the most valuable of all the cetaceans, because it 
yields a greit quantity of oil, and its whalebone is of great value. 
It is also less fierce than many other species. This has led to its 
being nearly exterminated. It is now found only in the remotest 
parts of the Arctic Ocean, and even there only in small numbers. 
The rorquals differ from the right whale in having longer heads and 
less whalebone ; whence they are often termed the small whalebone 
whales. From this term some suppose that they are smaller than 
the right whale. This is not uniformly the case : the right whale 
is never more than 75 feet in length, while the balcenoptera, a spe- 
cies of rorqual, is often found 120 feet long, being the largest of all 
known animals, li\ing or extinct. It is much fiercer, however, than 
the Greenland whale, and yields much less blubber as well as whale- 
bone. Hence it is much less sought after. The rorquals are found 
in the Pacific and more abundantly in the Atlantic Ocean. 
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DIVISION SEVENTH, 



ANTHROPOLOGY, OR ACCOUNT OF HUfilAN RELATIONE 

AND INSTITUTlONa 



§ 1- — Divisions, Extbut, and Popdi^tion i 



i World, £ 



Ortklids anii Mercator, In the Mxteentli century, contrived tin ' 
idea of dividing all known Iflnda into three grand portions : viz. 
the Old World, compriainff Europe, Asia, and Africa; the New 
World, or North and South America ; and Terra Australis, Mf^el- 
lanica, or Austral, or Southern World; to which Varenius added 
the Arctic World. At a later period, when the knowledge of the 
Pacific became more extensive, hut the notion of a sonthem or 
antarctic continent slJU prevailed, De Broasee proposed the name of 
Australia for the islands of New Holland and the surrounding 
groups; Polynesia, for the groups scattered over the Pacidc ; and 
Magellanica, for the supposed southern or antarctic continent. 
Finally, geographers have agreed to consider the island world of the 
Pacific Ocean a separate division, called hy the name OceaiUea. 
Adopting this classiication, we may divide the land of the globe 
into three great divisions, called worlds, which are compleiely 
Bcpantled from each other by the ocean ; let Old World, sub- 
divided into Europe, Asia, and Africa ; 2d. New World, subdivided 
into North America and South America ; 3d. Maritime World, sub- 
divided into Malaysia, Auatralaaa, and Polynesia. 

The whole land area and ]iopulation of the globe have been 
diflerontly estimated, as in reality neither is accurately known, and 
>ratf not in all probability be so, for ages to come. We subjoia three 
«f ibe moat oaJhuitlaiAV^ mtimBtaft, ^icnii 'Qew^ %«iis^ wtd the 
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Weimar Almanac for 1840, omitting the smaller nmnbers, which 
cannot be depended upon, in any such case. The statistics from the 
Almanac are the most recent to which we have access ; they appear 
to have been compiled with care, and are probably nearest the truth, 
though, in some cases, no doubt, incorrect. 



L AREAS IN SQUARE MILES. 



Europe, . . . 
Asia, .... 
^**rica, . . . 
America, . . . 
Oceanica, . . 


Hassel. 
. 3,000,000 

. 16,000,000 

. 11,000,000 

. 15,500,000 

. 8,400,000 


Balbi. 
8,211,000 

13,935,000 
9,775,000 

12,817,000 
8,565,000 


Weimar Almanac 
3,807,000 

17,805,000 

11,647,000 

13,642,000 

3,347,000 


Total, 

Europe,. . . . 
Asia, . . . 
Africa, . . .. , 
America, . . . 
t>oeanica, . . 


48,900,000 48,303,000 

IL POPULATION. 
Hassel. Balbi. 

227,000,000 227,700,000 

. 470,000,000 390,000,000 

. 110,000,000 60,000,000 

. 43,00Q,0p0 89,000,000 

2,600,000 20,300,000 


60,148,000 

Weimar Almanao. 
233,240,000 

608,516,000 

101,498,000 

48,007,000 

1,838,000 


Total, 


852,600,000 


737,000,000 


993,099,000 



§ IL — ^Varibtiss of Mankind. 

The careful and extensive researches of Dr. Prichard,* have proved 
to the satisfaction of all physiologists of any note, that there is only 
one species in the order bimana, and that all the differences we 
'^^rve in the ph3rsical character of nations, have resulted from the 
Oiiierent circumstances thai operated upon them, just as we see va- 
rieties incessantly appearing in the same species of plants and ani- 
mals, sometimes much more unlike than the most dissimilar of the 
human femily. As this subject is neither uninteresting nor unim- 
portant, we shall give a brief statement of the conclusions established, 
r^erring for full details to the works mentioned in the note below. 

* These are given in his Researches into the Physical History of Mankintk 
(London, 1889-1844, 4 vols. 8vo., 8d ed.), JEastern Origin of the Celtic N'or 
liofM, fLond, 1881, 8vo.), and his Natural History of Man, (Lond, 1845, 
Sto, 2d ed) The last work comprises ^ ^ubebixu^ 0$. ^ ^x^^^^r^^hi^* 
liaail IDnrtmtKW 



Hie pecnliaritKB chiefly relied upon by those who hnve mtontained 
thst man is of Beveoil spedes, are, the color of the skin, the niitoie 
<rf the hair, and the peculiar conformation of the bones, particularly 
of the skull. It is Bomelimos stated in popuUr wurks that there are 
diferancosia the slrucliire of the akin; but every luiatomist knows 
that Buch ie not the case. With respect to the color of the skin, it 
exista only in the cuticle or saitf skm, which is immediately above 
the cutU vera, or true skin ; and it depends on the presence of a 
number of pig;ment cells, which are intenaixcd with the onUnary 
cuticular cells. On taking an extensive survey of the human race, 
we find those cells exbiUt every intermediate hue, from a very light 
brown to jet black. The matter ia never abtiolutely colorless, ot Of 
Bay other hue than some kind of brown or blnek. In some varietieB, 
however, it is not uniformly distributed in every individual, but in 
patches, conatitutjug what are termed irackles. These occur only in 
fiiir-ekinned varieties. The various shades of color also pass insensi- 
bly into each other; aud they are generally connected with climate. 
There ia here wanting, therefore, those sharp and sudden transitions 
wliich distinguish species. If the negro be of one species, and tbo 
Dane of another, to which belongs the brown Italian, or Spaniardt 
If you any to tlie white race, we ask, to which belongs the still darker 
Arab ) — and the still darker Nubian ! But the argument foun^ 
on color is directly met and contradicted, by the historic &tct that Oat 
very same race exhitot every shade of color. Wo may tnslaneo the 
great Indo- Atlantic family, (otherwise called Indo-European, Tndo- 
Qtrtiuatie, or Japhetic^ which stretches from India acroGS the whole 
breadth of the old continent to Ireland, and now, from the Atlantic 
across the whole breadth of the New World to tha Pacific, This 
family is so connected by language, and by mental and phyMcal pe- 
cuharities, that no physiologist whatever disputes their being of one 
race. Now among them we find every shade of color, from the 
black of the Southern Hindoo* to the fiur and florid hue of the 
Hollander, or the Briton. The rapidity with which color changeH 
is seen in the English colonies of North America, It is Bi" 
250 yeare since the very first colonists arrived from Britain, and) 
much shorter time since the ancestois of moat of the present IT'' 
Englanders crossed the ocean, and yet they have lost the clear a 

Eleuon of their kindred beyond the water, and acquired mudi (£vL 
ue of the southern French, or northern SpaniMda, so thatr if • 
assemblage of each nation were placed aide by side, there o 
no difficulty wlmtcver in distinguishing them by their com_ 
atone. With reipcct to infcrmixture with the Indians, we knowj 
a matter of fact Uiat it never took place. The aborigines of Ame^ 



VARIBTISS or BIAHBUn). tVt 

ne anotiher instance. They are all unquestionably of one race ; and 
yet as ire more from around the l^es southward, they become 
darker and darker, till in the plains of the Orinoco and the Amazon 
they are nearly black, while on the cool and humid shores of the 
Pacific they are found fairer than many Europeans, and their cheeks 
frequently display the ruddy hue common among \^hite men. On 
the elevated mountain and table lands of South America, the hue is 
much lighter than in the plains. We are well aware that it has 
been repeatedly stated the American Indians are all of one hue. 
Such assertions could have proceeded only from theorists, who had 
either a very limited, or no acquaintance with them. The Arab 
tribes, also, exhibit a great variety of hues, from the black of the 
Mogrebba of the Sahara, and the dark brown of the Shegya, or the 
native of Oman, to the comparatively fair hue of the Arab of Leba- 
non. The answer to such facts is — ^intermixture. But the other 
features often show that there has been no intermixture. Thiis, the 
Mogrebba Arab shows by his features, hair, and general expression, 
that he is not blackened by being partly of negro descent. There is 
another feet which proves that the answer of intermixture is unsatis- 
fectory. Where change of complexion is produced, as it often is, by 
intermixture, there is only an approximation to either of the colors : 
thus, the mulatto is never as black as the negro. Now in the cases 
we have mentioned, there is a complete similarity of hue. The ail- 
ment from intermixture is further rebutted by historic knowledge. 
ThuSj the Jews are a people who have ever, according to the 
prophecy, "dwelt alone," without intermixing with "the nations" to 
this day. Now this separate race, all descended from brown ances- 
tors, (for Abraham, Isaac, and Jacob must have 4)een as dark as 
Mar Yohannan,* if not darker,) exhibit every shade of color, from 
the black Jews of Malabar, of whom we have such an interesting 
account by Dr. Claudius Buchanan, to the rose and lily complexion 
of the Jewesses on the banks of the Elbe. We need go no further 
than the Jews of southern Spain, and compare them with those of 
Hollsuid and northern Germany, to perceive a very striking diflPerence. 
The Spanish Jew is always dark-complexioned, and his hair is uni- 
formly black, whilst the German Jew is often as fair as any German, 
and has light or red hair, with blue eyes. The various shades of 
color observable among the negro, or African race, tends to the same 
conclusion. Along the coast of Guinea, which is low, marshy, and 
hot, we find jet-black complexions, and this is the very country from 
which American negroes have been derived ; but when we come to 

* The celebrated Neetorian bishop, who was in this countrv in 1848* / 
Though a natLve of northern Persia, he is quite as dark as a mulatto^ wbila i 
tfiere is not even a remote possibility of \na D&mig \ffiA ^So^sy^ ^^ \)k^^ tsBr^^ 
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&e elevated K^ota of the interior, or pass into southern A 
find the very same race of various shades of brown, baa 
mahogany to a Ught copper, Uke thai, of the foulahs of the Eoa^ 
Mountains. The Creator does mA produce groat changes in organic 
'beings by sudden starts and bounds, hut wisely introduces them br 
gradiml alterations. Hence when races obanga their locali^, tl» 
color — as well aa other characteriatica — changes only by il flm. W.J 
But in the course of ages, it always conforms to the cliiQate ; * 
hence, without a sifigle excepUou, we tiiid all races la-j settled 
low, marshy, and hot r^ions, very dark, or black, and those Ic 
resident in ooal and equable cUmates, &ir-complexioned ; whil» 
regions of an intermediate character we tiud an intertaediato col 
Hie Africans of the Northern States are already several shades ligb 
than their Guinea aitcestors, even in those cases where tli 
thoroughly negro hair and fcatures show that they are not , 
mixed descent,* 

With respect to the peculiarities of the hair, some of theee chaa 
siora elowly than the color of the skin. So Ehi', however, as ite cA 
h concerned, that is of le^ value than what we have been coiwidi 
ing, since it is very common to see brothers germon with hair of 4 
most unlike hues. But the texture of the hair Las been suppcmol 
eriiibit a permanent diatinctkin. This, however, diflers lirom i 
other only in degree : for, the Negro, or (to use a common, q 
more proper espression,) the African race, exhibit every vanetyi 
Btmcture, from the most crisp to curling and flowing locks. iwM 
eopic examination has diowo, tiiat the most crisp human liair,<l4 
not differ a whit in structure, from the most straij^ht, — ^the miitU 
property of wool> (arising from small notahes in the hairs,) lai 
equally absent in both. The term wooUi/, indeed, must have ht 
■ applied to tiio African's hair, by persons who were acquainted d 
■with the wool of one kind of sheep : for, in the ovine race, the w 
is oftener straight than crisp. 

Witli respect not only to the skeleton, hut to the whole anatomi 
stFucture of man, — teeth, bones, bloodvessels, muscles, nerve?, dec^ 
tiiere is no more difference between the various races n! mankil 
than is frequently met with in different individualB of the bi 
nor indeed near so much. Thus, to take an example that may 1 
generally known : there have been many cases since the da^ of ti 
Gathite, mentioned in the Old Testament,! where persona were ba 
"with six fingeiE on each hand, and six toes on each foot, althoogh; 

■ Wc would nak those wlio ninke color a. distinction of spedes, whel_ 
fte large brown patclies often met with on the ^kin nuUiea such pnris cf 
dtflerent spedee from the rost ; and wiiether ths black side of a cow ~ 
rfa diSereDt apecies from the -'-■■- ■ 
/ See 2 Samuel nd. 20. 
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k well Imown, ihai th^e is no such difference between the most d^- 
■imilar races of mankind. The form of the skull, to which much 
importance has sometimes been attached, is as variable as the com- 
plexion. Of this the Turks and Magyars are striking examples. 
Both belong to the Mongol race ; and in the course of time, thej 
have completely lost the pyramidal form of the skull, peculiar to that 
race. It may be said that the Turks intermixed with other races ; . 
but this is not true. Any affinity with the " unbelieving dogs," (as 
they term all who are not Mohammedans,) they abhorred ; and to 
refer to the Circassians does not avail : for they also are of the Mongol 
race, as their language shows. Moreover it was only a few of the 
wealthier Turks that ever intermarried even with the Circassians : for, 
the great mass of them intermarried among themselves exclusively, 
from before the days of Groan Ben Ogloo, to the present time. 
Their brother Toorkmans, in Tartary, have still the Mongol peculiarities. 

Among the African race, again, we find great diversities in the 
form of the skull. That of the Guinea Negro is well known : the 
Mandingoes of Western, the Gubers of Central, and the E[affirs of 
Southern Africa, present forms differing little, and sometimes nothing 
from that of Europeans. 

The human i-aoe is, therefore, specifically one : there is no perpia- 
neiit or specific difference between one race and another. And as ~ 
one variety often passes, by slow gi'adations, into another, a scientific 
and accurate classification of them is impossible, from the nature of 
the case. That of Blumenbach has been, for some time, more gen 
endly received than any other ; and therefore, we give an outline of it 
He divides the human race into ^ye varieties. 

The first is now called the Iranian, (from Iran, ancient Persia,) 
and occupies western, and part of southern Asia, eastern and 
n<»rthem Africa, Hindostan, and Europe, besides the white popu- 
lation of America. This race is sometimes called the Caucasian, 
from the belief of its having originated near the Mountains of 
Caucasus, in Asia, — although that is a groundless opinion. The 
principal nations comprised under this head, or class, are the 
Europeans, and their American descendants, the Arabs, Moors, 
Turks, Persians, Hindoos, and Abyssinians. They are distinguished 
by the following peculiarities, viz., long hair, generally waving or 
curling, black, red, flaxen, or brown ; — ^the head round, tiie £ace oval, 
straight, and narrow; the forehead smooth ; the nose high, and g^i- 
erally more or less arched, with a slight depression only at the root ; 
the mouth small, and the teeth set perpendicularly. 

The second variety, comprised under this head, is the Tartar^ 
Jimgol, or Turanian race, and includes all the nations of Asia east 
-f^ jibe Qospiap Sea apd the Ganges, except M»Jlac«d^ ^ ^scokSKsm^qj^ 
Mko^ &e Lapkudera, and Finlandeia, m'&Auco^^iQfi^ iiQ^c$tvscf3^*^^S^ 




riani,'and tbo Eequimanx, &oni Bliering's Straits to Gre^tlaiuL 
characteristics of this race, sre, a yellow, tawny ttkio, black, ai' 
luur, head aquare, eyes set obliquely, face large and flat, nose 
and flat, cheeka round and prominent laterally, and the chin p 
This is also called the Eastern rarietjr. 

The third race, or American variety, consists of the abongineajjJl 
America, (exclusive of the Esqtumaui,) by bohio writers behe* 
have sprung from n horde of wandering Tartars, who crossed o 
the peninsula of Alaahku.* Their distnigdsbing characteristics are 
a copper-colored skin — sometimes of a very light, and sometimes irf % 
nearly black hue ; black, straight hair ; low forehead; eyes deep. a{ii 
or sunk; cheek-bonca very prominent^ and face large. There isl 
Btrong similarity to ba observed between the Tartar, ( " 
the American races. 

The fourth race is the Malay, or Malayo-Polynenan, comprehflll 
h^ the inhabitants of Malactj), Malaysia, most of Polyneu^H 
{Mtt of Anstralasiit. The following are its distinguishing featnt 
a tawny complexion, hair Hack, soft, profiise, and Curled; tha.fc^ 
bead very prominent; the now thick, small, and bulging; aodn 
npper jaw slightly projecting.-)- 

TTie fifth race is that of" the African, or lagro, which i 
Over the whole of western, central, and soulbem Africa. I 
finmd in Madagascar, intermixed with tlie Malays, and in some of 
the islands adjacent to Asia, and occupies New Holland, Van Die- 
men's Land, New Caledonia, New Guinea, and part of New Zealand. 
The distinguishing types of this race, are, dark hue ; black, curly 
hair ; head narrow, tind compressed at the sides ; the forehead ooa- 
Toxed and arched ; cheek-bones projecting forward ; nose thick and 
ttat ; Kps thick and jTotuberant ; chin drawn in ; upper jaw project- 
ii!ig, and teeth set ohhqnely ; feet llat and broad ; and legs crooked. 
' ■ The preceding division has been rendered more exact by Di. 
ftichard, who distinguishes firar varieties iu Blumenbach's n^o, viz.: 
the African — -just described — the Hottentot, the Papuan, or .4w- , 
tralasian, and the Alfowroa, or Alfbriatt race. The Hottentots a 



imBchsiIkB, and thence along Bbenng'a lalau and the A 

, fiw Ibe Tartars were not a Bcatiring peopla Butwhe 

from Tartars, JapaneBe. or dunase, there cun be little doubt tb^'fl 



iiaiiB toAladika; Sot the Tartars were not a scatiring peopla Bui 
HMTU^ fr^m Tartars, JapaneBe. or CIiinBsB, there cun be litt '" '' 
descended from Uie Mongol trit>ea of eaHtem Asia. 



, Such atatementa must be understood as bang only generally tt 

Bume iniliTidvinls of the MalHymci! — the TahitianB forexiunple — have B 

fedturefi, with brown, reiJ, or flasen hair. Such were found amongst ll 

i*iien,fii*t diacuTored, so iliattbe ruady reply of "mixeii blood" mill not a' 

' rt^ g vjri'9'' remark appUas to all the racea Not only individuals, bnt ea 

1 ,'fittpi ' wlioJe btihef, diverge ^>\d^ Wa 'isni, diuacteristics whidi' BliUi 

'ISiwi attribates to them. 
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Cbsfin^sli^ by a tawny bufl^ or fewn colot ; very wide and high 
chieek bones ; a flat tiose ; oblique eyea ; and hair scanty and growing 
in 'tofts. The Papuans, (who occupy most of the islands of Austral- 
asia, the Andaman Isles, and the interior and mountainous parts of 
Borneo, and some of the other Malaysian islands,) are of small stat- 
ure, seldom exceeding five feet ; the complexion is sooty, rather than 
black ; the hair grows in tufts, with a spiral twist ; the forehead is 
higher, the nose more prominent, and the upper lip longer, than in 
the African ; the under lip is protruded ; and there is scarcely a ves- 
tige 6f a chin. The Alfourous are few in number, being found cliiefly 
in the interior and southern portion of New Guinea, and the central 
parts of the Moluccas and Philippines. Their complexion is very 
dark ; their hair is thick, straight, and uniform all over the head ; 
the nose is so flat as to give the nostrils an almost transverse position ; 
the eyes are large, and the legs long and slender. These are consid- 
ered the earliest inhabitants of Malaysia and Australasia ; and it is 
supiposed that they were supplanted first by the Papuans, and after- 
wards by the Malays, who seem to have succeeded the latter at a 
much more recent period. 

Blumenbacli's diNision is objectionable in classing together the 
AramaiCy or Syro-Arahic race, (incKiding the Arabic race, Jews, 
Nestorians, and Syrians,) and the Indo-Atlantic race. These two 
rades are distinguished botb by the diflerence in their languages, and 
by several peculiar physical and mental traits. Recent researches 
also show that the Copts, and the Nubians, belong to the African 
race. This is proved by their languages and physical peculiarities,* 
the former of which are very peculiar. They show the full counte- 
nance, almond-shaped eyes, wide nostrils, thick prominent lips, small 
chin, and bushy hair, generally common among the Africans. The 
very same peculiarities marked the ancient Egyptians — the ancestors 
of the Copts. 

Of Blumenbach's five races, the Caucasian ranks first, and is supe- 
rior to the others in intelligence, courage, invention, enterprise, and 
high moral attainments. 

Such are the principal varieties of the human species spread over 
the face of the globe. Navigators have found inhabitants in the 
most sultry climates, and in the neighborhood of the Poles, upon the 
most inaccessible coasts, and even on islands that a wide ocean seemed 
to separate from the rest of the world. The islands of Spitzbergen, 
and Nova Zembla to the north, the Giilapagos, Juan Fernandez, 

♦ It haa been inferred from the form of the ancient Egyptian skulls, that 
. they belonged to what is vaguely termed the Caucasian race ; but similar 
foritts are common among the Kaffirs, Foulahs, &q. When we are told the 
aDciait I^^tians built the Pyramids, we tksik^ i^<\ Qi^\^s::ajSkss2E!i& \^^^ "^^k^ 
eqaaUj stupendous edifices of Central Amenca.^ 



Sandwioh Islands, the Falkland Isles, and a few othem, are the Gofy 
ooontaries of considerable extent which have been found entirely des- 
titute of inhabitants, if we except the newly discovered lands in the 
antarctic regions. Man's habitations reach to the remotest confines of 
animated nature. He can inhabit every climate ; the Esquimaux, of 
Greenland, live as far north as the 80^. In the southern hemisphere, 
the bleak and barren Terra del Fuego, supports the Petcheres ; so 
that the New World is inhabited from one extremity to the other. 
In the Old World, the habitations of man form a collected whole, 
which is broken in upon merely by wide deserts ; and in the midst 
even of these, man has peopled the oases or verdant islands scattered 
over an ocean of sand. The human body sometimes supports, upon 
the banks of the Senegal, a degree of heat which causes spirits of 
wine to boil. In the north of Asia and America, it frequently resists 
cold which freezes mercury. As the intensity of the cold does not 
increase beyond the 80^ of latitude, it is probable that navigators 
could easily sail directly over the Pole, were it not for the ice that 
constantly surrounds it. 



§ in. — ^Ethnographic Table. 

The following table exhibits the numbers of the different raoep 
of men, according to Hassel's enumeration : 



L IRANIAN, OR CAUCASIAN RACE. 

Circassians and Greorgians, 1,118,000 

Arabians, Moors, Jews, Abyssinians, Berbers, and 

Armenians, 54,523,000 

Hindoos, Persians, Curds, Afghans, and Belooches, 143,353,000 

Greeks, 4,834,000 

Amauts, 530,000 

Sdavonian Nations; (Russian, Poles, Bohemians, 

Lithuanians, Croats, &c.,) 68,255,000 

Glermans, Dutch, English, Swedes, Danes, and 

Norwegians, 60,604,000 

Roman or Latin Nations ; (French, Italians, Span- 
ish, Portuguese, Walloons, and Wallachians,) . 75,256,000 
Low Bretons, Welsh, Caledonians, Irish, and 

Basques, 10,484,000 

Total, 419,586,000 
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n. MONGOLIAN, OR TURANIAN RACK 

Hon^l Nations ; (Toorkmans, Turks, Uflbecks, 

Kirguis, Thibetans, Ac.) ........ 62,937,000 

ChineBe, 256,200,000 

Birmans, Siamese, and Anamese, 33,860,000 

Japanese and Mantchoos, 60,420,000 

fms, Esthonians, and Laplanders, 2,878,000 

Esquimaux, Siberians, and Kamschatdales, . . 185,700 

Total, 406,470,700 

IIL MALAY RACK 

Hakys, ishabiting the Peninsula of Malacca, Ma- 
laysia, and Polynesia, 38,800,000 

rV. ETHIOPIAN, OR NEGRO RACE. 

Afirican Negroes, 62,983,000 

Caffres, 6,200,000 

Hottentots, 600,000 

Papuans, or Oriental Negroes, (Australians, Pa- 
puans, &c,) 960,000 

Total, 69,633,300 

V. AMERICAN RACE. 

North American Indians, 6,130,000 

South American Indians, 6,140,000 

Carribees, 17,000 

Total, 10,287,000 
VL TOTAL OF EACH RACE. 

Caucasians, 419,630,000 

Mongolians, 406,470,700 

Malays, 32,600,000 

Ethiopian, or Negro Race, 69,633,300 

Amencan, or Copper Colored, 10,287,000 

Total oi ttift ^o\>fc, ^^^^^^^4^^ 



;J04 AKTracopoLOOir.- 



§ rV. — Catjsim op the Vabiatiows fir the Human Bags. 

Several commentators on the Holy Scriptures, consider tlid va- 
rieties of mankind to have sprung from the peculiar chankcfcer 'and 
circumstances of Noah's three sons, Shem, Ham, and Japhet 
'Ihese certainly peopled the whole earth ; and it has been supposed 
that miraculous interference was necessary to produce the varietieB 
in the human race that now exist. This hypothesis is inadmisdble 
for two reasons : — 1st, there is not the shadow of any historical 
proof of any such miracle, and 2d, it is not necessary to have 
recourse to miraculous agency to account for those variations. The 
supposition was indeed formed in ignorance of several of the fects 
which we have stated in Sect. 2. We can trace the gradual 
formation of those varieties by known causes, such as difference of 
climate, food, clothing, pursuits, modes of thinking, <fec But before 
proceeding to consider these, we shall briefly notice the particular 
arguments of those who maintain that there was miraculous inter- 
ference on the part of tlie Most High. 

It has been asserted, that the African race are descendants from 
Ham, and that therefore they are accursed, and " the servants of ser^ 
vants," — that the Mongol race are descended from Japhet, who has 
been " enlarged" by spreading over central and eastern Asia, and has 
" dwelt in the tents of Shem," upon the conquests of the Turks, 
Gengis Khan and Timur. The Caucasian race are thought to be 
the descendants of Shem. This view is supposed to agree with 
facts and Holy Writ ; and Cuvier's opinion is quoted, according to 
which there are only three varieties of men, the Caucasian, or white, 
the Mongol, or brown, and the African, or black. We have already 
seen, that this view does not accord with fects. Instead of three, we 
have six or seven varieties ; and, instead of the complexions of the 
different varieties being constant, we find them of various hues. It 
is also easy to show, that the prophecy of Noah (Genesis, ix. 25-27,) 
and the narrative of Moses, are equally at irreconcilable variance 
with any such view. Noah cursed Canaan — ^not Ham — and de- 
clared Canaan should be Shem's servant. Now, the very next chap- 
ter will unfold the exact fulfilment of the prophecy. There we are 
told, that Canaan's descendants were Sidon and Heth,* the Jebusites, 
the Amorites, the Girgasitcs, the Hivites, &c. Then we are ex- 

* We may state that, according to the \miform testimony of aU Biblical 
scholars, Hem was the ancestor of the Hitites, so frequently mentioned after- 
wards as a nation of Canaan ; the difference between Heth and Hit depeod- 
ing on the vowel points, an invention of a date more than 2000 years poste- 
rior to the death of Moees. Instead of Hitites, Dr. Boothroyd always writes 
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pTessly told the boundaries of the territories occupied by Canaan's 
descendants. They extended from Sidon to Gaza, (two well-known 
towns in Palestine,) on the sea-coast, and then " unto Sodom and 
GomcHT^ and Admah and Zeboim, even unto Lasha.** Now, as 
Sodom, Gomorrah, &c., occupied the present site of the Dead Sea, it 
is evident that the territories of Canaan's descendants were comprised 
within the land of Canaan, so often mentioned, and so called, from 
the very fact of its being settled by the Canaanites. We arrive at 
the very same conclusion, if we examine the particular locality of the 
various tribes mentioned, most of whom are very frequently spoken 
of throughout the Old Testament. The prophecy, that Canaan 
should be Shem's servant, was fulfilled when the Israelites conquered 
their country, under Joshua, and made such as were spared " hewers 
of wood, and drawers of water." Such as remained in any degree 
independent were thoroughly vanquished by David. The Canaanites 
became literally, " servants of ser\'ants," when the Hebrews were suc- 
cessively under the yoke of the Assyrians, Babylonians, Persians, 
Greeks, and Romans. 

With respect to Ham's other descendants, we are told, that among 
them was Nimrod, who, instead of being a " servant," was the founder 
of a great and independent monarchy, and the builder of Nineveh,* 
that " exceeding great city, of three days' journey ."f Among Ham's 
other descendants, we find Mizraim, the Egyptians, as all Hebrew 
scholars tell us,J — this being the only term for that people throughout 
the Old Testament. Now, the Egyptians were among the first, if not 
the very first, of civilized nations, and their country has been justly 
termed " the mother of arts and sciences ;" and, instead of being 
servants, they were, for a long series of ages, the most powerful, as 
well as the most intelhgent people in the world ; and at one time 
they subdued a great part of Asia and Africa. True, their greatness 
passed away : but what ancient greatness has not ? The more we 
learn of them, the more we are astonished at the surprising progress 
ihey had made in knowledge, and the variety and vastness of the 
fruits of their arts and power, at a time when all Europe presented 
a very dijSerent spectacle. The Egyptians were not black, as we 
know from innimierable proofe, but of a reddish, or yellowish brown. 

From the account given of the numerous descendants of the 
Egyptians, (probably colonies, settled in all the more eligible parts 
of AMcsL, at a very early period,) and from the close resemblance be- 
tween the Coptic, or Egyptian, and the languages of Soudan and 
southern Africa, we think there is little room to doubt the correct- 

* See marginal reading of v. 11, which critics tell us is the true renderizsg 
e 3iicah v. 6. 

} Jonah ill 8. 
See QeaedB 1 11, and marginal explanaUcfQ. 
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ness of the current opinion, that the other Africans are descendai^tl 
of Ham. But it must not be forgotten, that there is no propheoj 
whatever, about the destiny of Ham's existing descendants, — ^the an- 
dent Egyptians being virtually extinct, and that the many populous 
and powerful states, iscovered in Africa within the last 20 years, — 
containing large cities, and inhabited by an agricultural people, — 
prove, that the most numerous of Ham's descendants are not ser- 
vants ;* and from the terrible results of the late great expedition 
from England to central Africa, and several other occurrences, which 
all lead to the same conclusion, there is not the least probability that 
the great body of the Hamites will ever bow their necks in future to 
the desamdauts of either Shem or Japliet ; and they never did in 
times past. The Almighty seems to have assigned to the Africans, 
as their heritage, the greater portion of tlie extensive continent on 
which they dwell. 

Let us briefly see what is Japhet's portion. After mentioning the 
sons of Gomer and Javan, two of Japhet's sons, Moses adds : " By 
these were the isles of the Gentiles divided in their lands." Now, 
the table-lands and deserts of central Asia could not, by any possi- 
bility be tenned islands. Hence, the Mongols cannot be the sole 
descendants of Japhet. The "isles of the Gentiles" must have 
meant the isles of the Mediterranean, as no others wei'e known to 
those whom Moses addressed ; and the term probably includes all of 
Europe then kuown to the Israelites. 

As we find in this country the Indo- Atlantic race, the conclusion is 
inevitable, that, according to an old and current opinion, they are 
descended from Japhet From Europe they have overspread Amer- 
ica ; and from western they occupied a great part of central and 
southern Asia ; and their colonies seem destined to occupy most of 
Oceam'ca. TI.ls, the descendants of Japhet possess most of Europe, 
and Asia, and the g-reater part of the New World. Hence, the pro- 
phecy has been an^ply fulfilled. The ancient Iberians, the ancestors 
of the present Biisques, were most Hkel}' of Hamite descent ; and 
this is the pi-eponde rating element in the Spanish and Portuguese 
races, and in part of the French. 

The little that is said bv Moses of the location of Shem's descend- 
ants, leads iis to infer that they settled in the East, around and beyond 
the Euphrates. There is not a trace of them in Europe, till Judi»a 
became subject to the Romans, a little before the Christian era. From 
them are probably descended the Afghans, the Tartars, Chinese, and 

* With respect to those sold into foreign slavery, they formed but an in- 
fflgnificant fraction of the whole, — ^not so many as the number of white slaves 
at Constantinople, or in the former markets of Algiers, Morocco, Ac, to eaj 
nothing of the innumerable white slaves of the ancients, and indeed of tiM 
modems. 
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Malay races, the Am^can Indians, and the fiist inhabitants of India 
and Oceanica. 

The £act with respect to Noah's three sons, appears, therefore, to 
be, that several varieties sprung from one, and the descendants of all 
three are sometimes placed in ^e same subdivision, as in the case of 
the Jews and Arabs, descended from Shem, the Greeks descended 
from Japhet, and the Phenicians and Carthaginians descended from 
£[am. We must, therefore, look elsewhere for the cause of these 
varieties in the human species, which forms the main subject of 
inqnirjr. 

The prophecy r^arding Shem is clear, and the fulfilment obvious. 
God was to enlarge Japhet : but He (i. e., God,) was to dv,e-l in the 
tents of Shem ; and He did dwell in the tents of Slieni, f'\?m the 
day when He appeared to Abraham at Maoire, till Jesus ascsnded 
from Olivet, a period of about 2,000 years. It was among them He 
appeared in the tabernacle, in the temple, and on 8i)ecial occasions. 
To the race of Shem alone, all real revelations were made ; those 
heard of among the descendants of Ham or Japhet, being all impos- 
tures or delusions. Of Shem's descendants were the patriarchs, 
Moses, and all the prophets and apostles ; and among then appeared 
the Teacher, who was greater than either Moses or the prophets. To 
apply this prophecy to Japhet's dwelling in the tents of Shem, is al- 
lowed, indeed, by the grammatical construction, but not by the sense, 
which it renders vague and unmeaning. The other construction is, 
as Archbishop Seeker long ago observed, both the most natural and 
the most suitable. 

An equable dimate is favorable to great stature.; and hence the 
natives of the southern hemisphere are taller than those of the 
northern — such as the Patagonians, the Boors and Kaffira of south- 
em Africa, and the New Zealanders. This tendency is said to exhibit 
itself in the very first descendants of the British settlers in Austraha. 
They are taller and more slender ; hence they are termed, in slang 
phrase, "currency," while the immigrants are distinguished as 
"sterling." 

The difference among mankind in point of stature appears to be 
owing to the various modes of life, various kinds of food, and differ- 
ence of clUnate. Salubrious cHmates, for example, active and tem- 
perate habits, and nutritious food, give organic beings large, hardy, 
and graceful forms. But symmetry of form often depends upon the 
peculiar local character of the climate, and upon artificial causes. 
Thus the custom which prevails among some of the Negroes, the 
Caribbee and Flathead Indians, the inhabitants of the Society Islands, 
icc^ of digressing and flattening the heads of new-born children, 
alters the configuration of the skull, and produces a frightful deforior 
i|3r» Tb0 M$i^9it dascendants of ib& axid<^Tx\» ^nsd!s^^^^^*^^^^^ 
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hideous tk»t they were said to be sprung from the devil,) are now a 
fine, handsome race ; and the oflfeprin^ of the ancient Gatil, or Ger- 
man, (so terrible to the Romans for their huge stature and fiena 
aspect,) can hardly be recognized in the four-feet-eleven peasant of a 
French commune, or the deformed and stunted operative in an 
English factory ; and among the myriads of German immigrants in 
this country, a tall person is only a rare exception. 

Variety of color depends chiefly upon external drcumstanoes. 
Thus, besides the instances formerly mentioned, we often observe, in 
the same nation, individuals of extrem^^ly different complexions. 
While the ]\f oorish ladies shut up in their houses, and scarcely ever 
exposed to the sun, have fair complexions, the women of the lower 
ranks, even in their youth, acquire a color of a very dark hue. The 
Abyssinian mountaineers are as fair as the Neapohtans, or Spaniards, 
while the inhabitants of the plains are almost black. Among the 
Creoles, or Europeans born in Guiana, the women are distinguished 
from their sisters bom in Europe, by the ebony hue of their locks. 

Tribes of very different complexions are often found in immediate 
juxtaposition, because one or more of them are comparatively new- 
comers, on whom the climate has not had time to produce its full 
effect. Thus Americans of European descent are feirer than the Indi- 
ans, because their ancestors were recent emigrants ; and it is not un- 
likely that many of^he native tribes removed from localities which 
favored a dark hue, and were not yet thoroughly blanched in their 
new situation. The Papuans are dark and curly-haired, because they 
entered Australia from tropical countries, which produced these pe- 
culiarities. The Alforians are probably the Papuans, modified by a 
longer residence in their new situations ; as the Hottentots are, in all 
probability, only an earlier race of African settlers, whose peculiari- 
ties arose from long following a hunter life among the Karroos. 

A cool, moist, and steady climate produces the fairest complexion. 
In a very dry and cold chmate, the bleak winds, the rapid evapora- 
tion from the skin, and the intervals of very warm weather, darken 
the complexion. Hence the olive hue of the Mongols and Siberi- 
ans ; and hence the natives of the eastern sides of the two conti- 
nents, are darker than those in the same latitudes on the western 
sides. The curling of the hair proceeds chiefly from the constant 
and often profrise perspiration to which the natives of the hot regions 
are subject. It is produced by the salts which the perspiration con- 
tains in abundance ; and it answers the purpose of protecting the 
head more effectually from sun-strokes. The curling effects of com- 
mon salt, (which is found abundantly in the perspiration,) is well seen 
in those whose hair is frequently wetted with sea-water. Those races 
who perspire least have the straightest hair. 
' The fyrm and capadty of tibe cko^ VD^ii Vk<^ cis^^ ^^^n<QmW 
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nance, are much more readily influenced by particular circumstances, 
than the color of the skin. Thus it is not uncommon to see a white 
man with features closely resembling those of the African ; and we 
(^%en see some of the latter, of a jet-black hue, with European coun- 
tenances. The size and form of die whole, head, seems to be httle 
influenced by mere temperature directly. It affects them only by 
the habits and customs to which it leads. The weather, however, in 
connection with the modes of life, have a great effect. Thus a country 
swept by cold, piercing, dry winds, alternated with heat, produces, in 
those constantly exposed to the weather, flat faces and noses, large 
cheek-bones, and oblique eyes, as we find, both in the Mongols and 
in the Hottentots. Where, again, the climate is mild and steady, 
with an absence of high or cold Avinds, tlie features are remarkably 
regular, as in many parts of western Asia and southern Europe. 

Food has much influence on the form and expression of the coun- 
tenance ; for where that is very gross and impure, the features are 
heavy, and the expression unanimated. Pursuits and habits have 
also a very powerful influence. Wlieh the inhabitants are occupied 
exclusively with their more pressing physical wants, and the gratifi- 
cation of the grosser appetites, the organs of the senses become un- 
usually large, and the brain small. Hence the large mouth and pro- 
jecting jaw, and the retreating forehead and compressed skull of the 
Guinea African. But among the Mandingoes and Gubei*s, where the 
Mohanunedan religion has introduced some mental culture, and less 
debasing habits, the head exhibits a similarity to the Iranian form. 
The case of the Turks, already mentioned, is another striking in- 
stance.* 

We are told that negroes existed in the days of Rhamses IH., or 
Sesostris, king of Egypt, and that national features appeared then as 
tliey do now. But according to Hale's chronology, which is allowed 
on all hands to be much more accurate than Usher's, the deluge hap- 
pened 3,165 years before Christ, while Khamses lived only 1,565 
years before Christ ; and thei'cfore the intervening period of nearly 
1,600 years was abundantly long to allow national peculiarities to 
appear. A much shorter period has sufficed to transfonn tlie Mongol 
Toorkman into the Iranian Turk, and tlie thoroughly Mongol Huns 
of the year of grace 888, into the completely Europeanized Magyars 
of the year 1850. When the circumstances and habits of a nation 
remain unchanged, instead of any approxunation to others placed in 
different circumstances, their peculiarities are apt to become more 
and more striking with the progress of time. 

* It is not a little remarkable that the^liead of a Turk — a man of Mongol 
descent — should be generally chosen as the best instance of the Iranian peoir 
liarities; and that authors, in speaking of the Bupervot \3«wafc^ ^1 AissaT^r^s 
dioaid rafer to ^ Circassians partic^:£urly, anoOoLCX "^oivg^lTi^^^ 
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§ V. — ^Longevity op Maw. 

It appears that the air of open and elevated plains and monih 
tains is conducive to longevity. The same thing may be said of an 
insular atmosphere, which is always renovated by the breezes fit)m 
the sea. Russia, Norway, Sweden, Denmark, Scotland, Ireland, and 
Switzerland, are countries which furnish the most numerous instances 
and the most authentic examples of men and women whose lives 
extended beyond the period of 100 years. Ore of the iPC3t re- 
markable instances in modern times is that of Colin McUxain, a 
native of the Isle of Jura, on the west of Scotland, who kept 180 
christmases in one house, and appears to have Uved ce^eial years 
beyond that age. In these countries we may reckon the c3n<:3narian 
for every three or four thousand individuals. But tbei^e p.d many 
other countries in which longevity is common. Pliny menjons that 
part of Italy which retujlies from the Appenines to tiie Po, and 
from Placentia to Bologna, as containing, in the time ot Claudius 
and Vespasian, a great number of men from 100 to 150 years of 
age. Examples of a life of 150 years seem to be common in most 
countries. England has furnished several examples of men who 
exceeded this period, such as Parr and Jenkins. Hungaiy, which 
is not a very healthy country generally, has piouuced many 
instances of great longevity. Czartazan lived to 1S5 ; and John 
Rivin to 172, with a wife 164, and a son 117. These all iph«»^^Hed the 
Bannat of Temeswar, a veiy marshy district. A calm and temper- 
ate life, with regular habits and a pure atmosphere, appears to be 
best calculated to produce longevity; and therefore it is rot im- 
probable that in the ages of patriarchal innocence, the • ^i/od of 
150 or 200 yeai's was more commonly attained than in c •• times— 
the simple mode of life, the absence of carking caves aij I'^^Lmbing 
passions, and living constantly in the open air, contiibn.i.ipg g eatly 
to this end. 

It is sometimes supposed that cold climates are mce fa\o r'j'e to 
longe>nty than warm: but, if we except jpai.-l / < ; . '..i-, \^-h does 
not seem to be the case. Instances of G;,v?it !«._.. .\ .em to be 
as .common as anywhere among the West ]iMl\>n ^s^ i^ c <; ard we 
are told of one negress who attained the a-j^o ol 1 /-"i. W'«i'"3 men 
do not live long in warm climates because tl'cir coos* iii.ui.s are 
not adapted to them. 

Among the causes unfavorable to heaUh aud longev*'. .^, may be 

mentioned luxury, intemperance, war, and iu'l'j:onc(\ L:\c..y and 

intemperance are injurious by inducing mental and cur;?o"e?.l de- 

bihty, with a host of diseases : war selects the hardiest and strongest 

wen, and comigns them to apeedy d^uucivow^ ^bik iadigoiice ex- 
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pOMS its subjects to the evils of scanty and unwholesome diet, cold, 
dose and damp dwellings, the want of proper medical treatment, 
and insuflBcient clothing. " The golden mean" seems best adapted 
to produce long life and. exemption from disease. Thus we learn 
from the Statistical Journal (for March, 1845,) that the average 
duration of life, in England, at the age of 20, is 38 years for tlie 
peerage, and 40 for sil England, wWle in the county of Surrey, 
which is inhabited chiefly by formers, it is 42. In the city of Lon- 
don, it is only 36, and in Liverpool, 33. The evil results of poverty 
are seen from the average age of death among different classes in 
the CQunty of Rutland, as given in the Poor Law Commissioners' 
Report to the British Parliament, in 1842. That of professional per- 
sons and the gentry, was 52 ; that of tradesmen, 41 ; and that of 
mechanics and laborers, was only 38. In the town of Manchester, 
the case was much worse, the ages of the three classes respectively 
being 38, 20, and 17 ; so that the average of the poor was not one 
half that of persons in comfortable circumstances. The state of 
matters in this country seems to be precisely the same. At Dor- 
chester, (Mass.,) from 1817 to 1844, the average duration of life 
among the lowest class of operatives, was 27ft years; among 
mechanics on their own account, 29^ ; among merchants, professional 
men, and capitahsts, 33 ft, and among farmers, 45 ft. The families 
are in all cases included. 

It is a common opinion that the average duration of life has 
been decreasing constantly since the days of Noah to the present 
time. But this is by no means the case : — wo have got far beyond 
the turning point ; and it has been generally increasing throughout 
the civilized world for centuries, as we know from the funeral regis- 
ters kept in various parts. In the city of Geneva, where such a 
register has been carefully kept for nearly 300 years, the mean 
duration of life has been steadily increasing since 1560. From 
that date till 1600 it was 21^- years ; during the next 100 years, it 
was 25f years; from 1701 to 1760, it was 32-f years; and in 
1833, it was 45ft, being more than double that of the first period. 
At Rome, the mean duration of the life of citizens, from the time 
ci Servius Tullius, who died B. C. 534, to the days of Justinian, 
who died A. D. 565, is estimated at 30 years, while, among the cor- 
responding class, in Britain, at the present day, it is fifty years. In 
1801, the annual mortality, in Britain, was 1 in 44.8 ; in 1811, it 
was 1 in 50 ; and in 1821, 1 in 58. In London, the annual mortality 
in 1751, was 1 in 21 ; and in 1821, it was 1 in 40. Similar changes 
have been observed in France and Sweden. Owing to the more 
luxurious living, more dissipated habits, and less pure air of cities, 
the average duration of life is uniformly much less than in the 
toontij. M. Quefcelet, in his work " Oa "MjaxiJ^ ^"^^-j ^^'^'^^ ^^^ssks 
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large collection of cases, the annual number of deathfl in cities at 1 
in 80.0, while in the country it was 1 in 46.9. Cities, however, 
differ widely in regard to longevity. Thus, at Philadelphia, the 
annual number of deaths is about 1 in 46, of the whole popula- 
tion ; at New York, 1 in 38 ; at Boston, 1 in 41 ; at Paris, 1 in 32 ; 
at Rome, 1 in 25 ; at Amsterdam, 1 in 24 ; and at Vienna, lin 22. 

The increased duration of human life is undoubtedly attributable 
to a greater attention to the rules of health, and improved medical 
treatment of disease. As the laws of health are still very little 
understood or attended to by most of mankind, and ih^J are now 
b^inning to turn their attention to them, there is no do^bt but 
future generations will attain a degree of longevity which many of 
the present woidd hardly credit, and which will render the great 
ages of the patriarchs no wonder to them. 

It is a common opinion that winter is healthier than sunmier : bul 
the sure test of a register shows that the case is exactly the reverse- 
M. Quetelet has shown that the greatest number of deaths occur ii 
January, the coldest month, and that it diminishes regularly till 
July, the warmest month, when it again increases with equal regu- 
larity till January. This is true of the young as well as of 9ic 
aged. Some epidemics prevail most during Qxe summer : but all 
causes of death taken t<^ether are most powerful in winter. Wt 
formerly mentioned that the dry winds which blow from the Afri- 
can desert contain no poisonous gases : we may now further men- 
tion, in confirmation, that when the harmattan blows on the 
Guinea coast, all epidemics disappear, even small-pox ; and in th« 
Sahara, epidemics are almost unknown. Literary pursuits are gener 
ally favorable to longevity, always excepting those connected with 
the newspaper press. 



§ VI. — Language. 

Man is the only creature that possesses an articulate language 
This faculty of expressing ourselves by words which are the signs of 
our ideas insures the constant exercise of memory. Language, con- 
sidered as a moral and ph3rsical faculty, appears to be innate in 
man's constitution, but the choice of sounds and their modifications, 
must have depended upon his will. Natural logic has unquestion- 
ably had its influence ; and in addition to it, the passions of indi- 
\iduaLs, their habits, the delicacy of tlieir orgaus, the nature of the 
climate, and the state of society, would all contribute to promote 
these effects. 

The primitive tongues, possessing a very scanty stbck of words, sim- 
phaathe maimeiB of those ^ho s^^Vlq th^ui^ would naturally be lotti 



HTDO-ATLAKTIO AND DBTAOHED LANGUAGES. 818 

bj beoomiog confoimded with the more perfect dialects ^hich sprung 
from them — just as the primitive nations have disappeared by merg- 
ing in those nations celebrated in history, to which they had originally 
given birth. Although the attempt to discover the primitive 
tongues appears to have been abandoned, philologists still do not 
despair of fixing the number of mother tongues ; tliat is, of those 
which, in their vocabulary and grammatical structure, present to us a 
character independent of every other tongue. These mother tongues, 
as they suggest the possibility of a common origin, from tlieir 
evindng some distant traces of resemblance, form among themselves 
families, without any of them being able to claim pre-eminence in 
point of antiquity. We shall first mention that history clearly 
proves that the Hebrews, Indians, and Greeks, were at least as ancient 
as the Ethiopians, Celts, or Chinese. 



§ Vn. — ^Indo-Atlantic and Detached Languages. 

The Sanicrit prevailed anciently from one end of Hindostan to 
the other ; and. most of the spoken dialects of that country are de- 
scended from, it The Sanscrit itself has long been a dead language ; 
but it is very interesting to the philologist on account of its high 
antiquity, and its connection with the languages of ancient and 
modem Europe. Besides a certain number of roots, or original words, 
which the Sanscrit has in common with the Greek, the Latin, the 
Graelic, the Welsh, the Sclavonic, and the Germanic tongues, it dis- 
plays also, in its nmnerous declensions, and its extended conjugations, 
the most striking affinities to these mother tongues of Europe. This 
is the language of the sacred books of the Brahmins. The Baliy 
said to resemble the Sanscrit, is the sacred language of the Boodhists, 
who are found in southern and eastern India, Thibet, and China. 

Persia presents us three ancient languages. The Zend^ which ap- 
pears to have been the language of ancient Media, is the sacred 
language of the Guebres. The Pelhevi was the language of ancient 
Persia ; and the Par see was a more modem dialect, whence chiefly de- 
soeuded the present Persian, which is, however, intermixed with 
many Arabic words. It has also lost most of the inflections of the 
older languages. The Koordish is a very ancient language, still 
spoken, similar to the Zend. 

The ChreeJc tongue belongs to those of which we know well the 
different species. The Greek had four dialects. The Doric was 
spoken in many parts of northern Greece and the Peloponnesus, and 
by the Doric colonies in Sicily, Italy, and Asia Minor. It was a 
rough dialect, and contains only the works of Pindar, Theocritus^ 
Bion and Moschus^ with a few fragments. TVvq Acolxc,\^\i\OcL ^«^Ri^ 
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raembled the Doric, was spoken in Aetolia, Thessaly, Boeotia, and 

Aeoiis in Asia Minor. It contains nothing but a few poetical fraff- 
ments. The Ionic was spoken in Ionia, a Greek colony in Asia 
Minor, and in the isles adjacent It was a very rich and harmonious 
dialect. This is the dialect of Homer, Hesiod, Herodotus, Hippo- 
crates, and ApoUonias of Rhodes. Tlie AttiCy which ori^nally 
agreed with the Ionic, but afterwards greatly differed, was spoken 
only in Attica, the district containing the city of Athens. This is 
the dialect of all the distinguished writers not already mentioned, 
such as the tragic poets, all the orators and philosophers, Thucydides, 
Xenophon, Polybius, etc. After the time of Alexander the Great, 
this dialect, sHghtly altered, was written and spoken generally through- 
out the Grecian territories ; and all authors used it exclusively, ex- 
cept a few epic poets, who used the Ionic. It was this Attic dialect 
that was spoken in Palestine in our Saviour's time, intermixed with 
several foreign words and idioms, derived chiefly from the Syro- 
Chaldaic, still commonly spoken by the Jews, and from the Latin, 
spoken by the Romans, who ruled the country. The Greek language 
excels, in copiousness, precision, and harmony, all other ancient lan- 
guages ; and the immense treasures which it contains render it the 
most important of them. Among these, we must mention the New 
Testament, the whole of which was written originally in that modi- 
fication of the Attic dialect which we have just described, and which 
is sometimes termed Hebraic^ and sometimes Hellenistic Greek. The 
Attic Greek was spoken with some degree of purity at Constantino- 
ple, by the educated, till that city was taken by the Turks in 1453. 
After that time, it was so much comipted as to be called by another 
name. It is now termed Romaic^ a dialect spoken not only in 
Greece and its isles, but by the Greek inhabitants of Turkey, who 
number several millions. 

The Latin has generally been considered only a dialect of the Greek ; 
but a more careful and extensive sur\'ey has dispelled this illusion. 
It has in fact preserved old forms much better than the Greek. It is 
not, however, an unmixed language ; for it contains many Cymraeg, 
or Celtic words,- derived probably from the Sabines, who were a Cel- 
tic race.* It also contains several words borrowed from the Grec%. 
The Latin was spoken originally only in the western part of central 
Italy ; but the conquests of the Romans introduced it into Gaul, 
(now France,) Spain, Portugal, and some parts of G^ermany -uid 
Turkey. It was the general language of the learned throughoui 
Europe, from the sixth to the sixteenth century ; and it is still very 
frequently employed in learned treatises. It is generally called a 
dead language ; but this is true only in one sense ; for it is still 

* See an elaborate proof of thia, by Archdeacon Williams, in the TVanMt 
few of the Royal Societtj of Edinburgh.— Vo\. xuv^^. Vi^ \ft ^^E. 
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spc^n by many, even of the common people, in Hungary and Po- 
land ; and it is a very frequent medium of intercourse in Turkey, 
being almost the only European language that is acquired by any 
considerable number of the Turks. On account of the extensive 
treasures of learning which it contains, and the very extensive influ- 
ence it has had in the formation of modern languages, it is the most 
important language of ancient Europe, next to the Greek, over which 
it possesses the advauui^e of containing no variety of dialects. It 
seems to have been introduced into Italy from the eastern Alj^, by 
a branch of the Indo- Atlantic race called Pelasgians, who were also 
the principal progenitors of the Greeks. The Skj/pe, or Albanian^ 
still spoken by tlie Amauts, appears to be another Pelasgic language. 
Another language of the same stock is tlie Gaelic, the Unguage of 
Ossian and his heroes, still spoken in the Iliglilands of Scotland, the 
Hebrides, and a great part of Ireland and the Isle of Man. This 
language is often classed with the Cymraeg, but it differs \ery widely, 
and bears a closer affinity to the Latin. It was introduced into Scotland 
from ancient Belgium, whither it appears to have come from the 
same quarter as the Latin into Italy ; and from Scotland, it passed 
into Ireland, where it superseded the Cymraeg, which was spoken 
there before. In Scotland, it adopted some Cymraeg and Scan- 
dinavian words. 

The Cymraeg, or Celtic, was the language of the Gauls, so con- 
spicuous in the Roman annals. It is still spoken in Bretagne, a prov- 
ince in the west of France, under the name of Armoric or Bas 
Breton, and in the principality of Wales. It was formerly spoken 
in the south-west of England, but became extinct there a little more 
than 100 years ago. This dialect was called the Cornish. The 
Cymraeg is probably the first Indo- Atlantic language introduced into 
Europe. 

In the Basque provinces, in the north of Spain, and in the south- 
west of France, are spoken dialects of a language which has been 
often classed with the Celtic, called the Basque, or Guipuscoan. But 
it does not belong to the Indo-Atlantic languages at all. It is a 
remnant of the language spoken by the Iberians, or fii-st inhabitants 
of Spain and Potugal, and was probably introduced from Africa. It 
will likely be found allied to the language of ancient Mauritania or 
Morocco. Some of the Iberians seem to have found their way into 
Britain and Ireland before the Celts entered them ; and these appear 
to have borrowed some words from their language. The Silures of 
South Wales are thought, by Tacitus, to have been an Iberian race , 
and the stories of the Milesians in Ireland, probably owe their origin 
to Iberian colonies. These were blended with the Celts. 

Some of the most important languages of modern Exivoi^ -^ccftk 
those descended from the Latin. The Italian \a ^\^ckQ.\v^\cs^a^^ 
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Italy, a part of Switzerland, and in several of the isles of the Med- 
iterranean. A corrupt dialect of it, called Lingim Franca^ is spoken in 
the sea-ports of the Levant. It is Latin, with the words contracted 
and softened, and mixed with some German and Greek words. The 
French is s2K)ken throughout most of France, a great part of Bel- 
gium, and tlie north-west of Switzerland. It is the common lan- 
guage in Lower Canjula ; and it is not yet extinct in New Orleans. 
It is very much used all over Europe, as the language of coui'!b ; and 
it abounds with profound scientific works. It is Latin, intermixed 
with Celtic, Gaehc, and German words, and greatly abbreviated in 
the pronunciation. The Spanish, or Castilian, is spoken throughout 
Spain, except in the Basque i)rovinces, in Mexico, Central America, 
Cuba, Porto Rico, and all the European -settlements in South Amer- 
ica, except Brazil. The Spanish resembles the Latin more than any 
other language sprung from it, although it contains Basque, Celtic^ 
Gothic, and Arabic words. The Portuguese is little more than a di- 
alect of the Spanish : it is spoken in Portugal and Brazil. The 
Wallac, or JRoumoneek, is another Latinic dialect, intermixed with 
Greek, Gothic, Turkish and Slavonian words : it is spoken in Wal- 
lachia, Moldavia and Transylvania. All the languages sprang from 
the Latin have greatly altered the inflections |ind syntax of the 
parent language. Last, but not least, of tliis class of languages, we 
must mention the English. The original basis of this language was 
the Saxon, anciently spoken in the north of Germany : but that 
tongue was much altered by the dialects of the Jutes and of the 
Angles, who belontyed to tlie Scandinaxnan race. The Danes after- 
wards introduced more Norse. It also borrowed many words from 
the Cymraeg and Gaelic of the earlier inhabitants of Britiin. Tliis 
fusion i)roduced the British Saxon, or Anglo-Saxon. Tlie conquest 
of England by the Normans, in the 11th century, introduced a very 
great number of Latin words, in a French form ; and the use of 
Latin by churchmen and lawyei's, introduced many more during the 
middle ages. These changes, accompanied with equally extensive 
changes in the grammar, altered the language, and produced wh:it 
is called, rather improperly, English. The language of the An;^!-.'^ 
forms only a small part of it. Many words are still Saxon ; but a 
much greater number is Latin.* A great number even of the c»>!ri- 
mon terms are taken from this language, — such as mountain, rivi r, 
ocean, air, uncle, aunt, nephew, niece, <fec. Since the revival c»f 
learning nfyriads of additional words have been introduced, chioll^ 

■ 

* It lias often been said that most of the EngUsh is Saxon ; but if any per- 
Bon will take the trouble to count tlie words in a Saxon and an English Dic- 
tionary, and make allowancos for Saxon words dropped, and for other worcU 
hemdes Latin introduced, he will find th:vt the Latin words arc at least thi^ 
to one. 
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from the Latin, and partly from the Greek, French, &c., so that, (f 
not a very uniform, it is at least a very copious language ; and it 
bids fair, in the course of a few centuries, to be spoken by more peo- 
ple than any other language in the world. It differs from the French, 
Italian, <!z;c, in having a Germanic foundation. Its Uterature is ex- 
tremely rich and valuable, in almost every department, and distin- 
guished for sound sense, and an absence of dreamy speculation. The 
&nguage is well adapted to every kind of subject. Altogether it is 
the most important of hving languages, and is likely long to con- 
tinue so. 

Of the Slavonic tongues, which are spoken over more territory 
than any other European language, there are two classes : the south- 
eastern and the north-western. To the former, belong the Russian^ 
jRtisnicLky Bulgarian, Servian, Bosnian, Dalmatian, Croatian, and 
Wendish : to the latter, the Polish, Silesian, Bohemian, MoraviaA, 
Slorvakian, and Sorbian, To the Slavonic tongues belong the an- 
cient Lettish, and Lithuanian, The literature of all these languages 
is not very extensive, or of much general importance. 

In the class of Germanic tongues, a very ancient division is per- 
ceived. The Frisian, or Dutch, Saxon, Anglo-Saxon, and German^ 
fonn the Teutonic branch, to which also belonged the ancient Maeso 
Gothic, whilst the Icelandic, or Norse, the Swedish, and the Danish^ 
constitute the Scandinavian branch. The German is spoken through 
most of Germany, in German Austria, the eastern part of Switzerland, 
and some of the French departments on the Rhine. It is very rich in 
works on languages, divinity, history, and antiquities. The Dutch 
is spoken in Holland and its colonies. The Saxon, and Anglo-Saxon, 
may be considered dead languages, although the spoken dialects of 
northern Germany greatly resemble the Saxon. The Icelandic, or 
Norse is spoken in Iceland, and the more remote and rural parts of 
Norway. The Swedish is chiefly confined to Sweden ; it differs very 
little from the Danish, spoken in Denmark, and the more populous 
parts of Norway. 

In the north-east of Europe, we discover scattered remains of the 
great Scythian tribe of languages. To this class belong the Lapponic, 
and the Finnish, together with the Fsthonian, the Livonian, the 
Permian, and various other dialects, spoken along the Uralian Moun- 
tains, and the Volga. The Hungarian, or Magyar, originally from 
the neighborhood of the Caspian Sea, is said to exhibit a great family 
dkeness to these languages. 

The Caucasus, situated in the centre of those regions where the 
Indo-Atlantic languages prevail, far from presenting to us the com- 
mon source whence these derived their origin, interrupts their chain ; 
and, in the Geoi^ian, Circassian, Armenian,* and some othex disiftR^^ 
finishes us mth a distinct -fiiinily, or latkcit gcou^, cil \aKkJ^^^^^ 
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little known, but unquestionably of great antiqmty. The Circassian 
is of the Tartar class, and the Armenian is related to the Indo- 
Atlantic. 



§ VUL — ^Aramaic or Stro-Arabio Lanouaobs. 

If we extend our view to Syria, Mesopotamia, Arabia, and Abys- 
sinia, the Aramaic or Syro- Arabic languages draw our attention, by 
the renown of their ancient civilization, the abundance of guttural 
sounds, multiplied inflections, vast store of words, and general sim- 
plicity of structure. Such appear to be the characteristics of ihesti 
tongues. 

The Arabic, with all its descendants, occupies the widest field. 
Dialects of it are current all over North Africa and the Sahara It is 
the language of the Fellahs, who form the main population of Egypt 
The Gheez and Amharic dialects are spoken in Abyssinia, and diSfer- 
ent branches of the Arabic extend along the eastern coast of Africa. 
It is spoken throughout Arabia ; and by means of the Koran, it has 
spread through Turkey, Persia, Tartary, and India. 

The Hebrew w A spoken by the people of that name till the Baby- 
lonish captivity, soon after which it became a dead language. After 
their return from captivity, the Jews spoke Syro-Chaldaic, although, 
after the time of Alexander, Greek became common. The learni3d 
among tlie Jews continued to write and speak Hebrew almost to the 
present day. It is an impure dialect, termed Rabbinic. The Syro- 
Chaldaic was nothing but Chaldee, intermixed with some Hebrew 
peculiarities ; and indeed it differed so little from Hebrew that it 
might almost be called a dialect of the same language. It is this 
Syro-Chaldaic that is called Hebrew in the New Testament. The 
Chaldee was spoken in Chaldea^and Babylonia, down to modem 
times ; but it is now extinct. The Old Testament is all written in 
Hebrew, except a few chapters and verses in the books of Ezra, Jere- 
miah, and Daniel, which are in Chaldee. The ancient Syriac differed 
so slightly from the Chaldee that it was essentially the same language, 
the latter was called East-Aramean, and the Syriac the West-Aramean, 
Aram being the vernacular name for Syria. It was spoken through- 
out Syria and Mesopotamia. It is still spoken in these regions, though 
not exclusively, and also among the Nestorians, in Persia ; but it ia 
so much altered that the ancient language is unintelligible to thft 
common people. The Aramean language resembles the Hebrew 
more closely than the Arabic does ; and hence it is of more use in 
illustrating the Old Testament. But as the literature of its two dia- 
lects is scanty, while that of the Arabic is abimdant, the latter ii 
more studied by scholais. 
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The Samaritan dialect, ppokon by tlw Samaritans, is e^ontiaJly 
the same as tlie SvroOlialdaic, but contains a larixcr intenuixturo of 
H«.»brow. It is now n'^arly, it' not quit*, extinct 

Tlie Plienician, s])oken in ancient Tyre and Sidon, of wliich the 
Punic or CartJuKjiniaii was tlic most cclobrattid branch, was also an 
Ariiiuaie langujiire ; and the low Arabic Maltese is tliought to pre- 
ser>'e some r'jniains of this dialect. There is nothins: extant of the 
old languages except a few inscriptions. 

As some of the nations that spoke tlie Aramaic languages de- 
scended from Shem, this stock is sometim(>s distinguished by the 
name Skemitic, while the name Japhetic has l>3en given to the 
ludo-Atlantic lanjjjuaijes. hv admittim; this denomination, we arc 
obliged to attribute to the descendants of Ilam all the other lan- 
fl^iages on the face of the globe, from the Tschudic to the Mexican, 
though we know the Canaanit'.>s and Phenicians, Ham's descendants, 
actually spoke dialects of these, so chilled, Sh(.*mitic languages. The 
terms are impoper ; and they are beginning to be laid aside. 



§ IX. — ^Monosyllabic and Tartar Languages. 



The languages of eastern Asia are chiefly of the Monosyllabic 
class, and difler very widely from that of the Indo- Atlantic. They 
comprehend the Thibetan, tlie Chinese, the Bnrman, or Avan, the 
Peguan, the Siamese, and the Anamic, which is the language of 
Cambodi:!, Touquin, and Cochin China. All these languages are 
mor^ or less deficient in contrivances fur marking the cases, genders, 
numbers, moods, and tiises. Those who sj>eak them are obliged lo 
supply the alxwMice of gramniaticiil forms by intonations and gestures. 

To this cIj^^s belong the Corean jind 'jafmncae, l)Oth of which 
closely rei4eml>le the Chinese. The Pooshfoo, or Afghan language, 
is peculiar, and probably has an atlinity to the Aramaic. 

The north ol' Asia contains three or four kinds of languages, said 
to be superior t*) the preceding class. 'Jlie Toorkman* Bucharian, 
and different kindred dialects, arj spoken from the Crimea and 
Casan to Tobohk and S.-imarcand, and in several parts of Persia. 
These are termed th(i l^avco-Tartanan lano'uayres. 

The MonffoUan langu:ige, which is said to be deficient in gram- 
matical combinations, but to possess complete declensions, and to 
abound in vowels and harmonious sounds, is spoken by the Kalkas, 
Eluths, and Kalmuck. 'J'he Mnitchon, or Mandshurinn lanijuage, 
though full of monosyllabic word-^, is said to ]>(>ss<;ss a very com- 
plete and varied grammatical structure. The Ti/ngnaiun is a kin- 
dred dialect Thcwe are spoken through eastern Tarbiry and ceu- 

* The 2'urkith U only a dialect ot \}[tti»\aA:^5Qds^^ 
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tral Siberia. The three preceding classes are all related. The ^rsi 
might be called the West Tartar ; the second, the Central Tartar ; 
and the third, the East Tartar, Through northern Siberia are 
spoken several languages — such as the Samot/ede, Yakut^ and 
Koriak. These are said to be related to the Tartar and Finnish 
languages : but we 'possess very Httle reHable information regarding 
them. 



§ X. — ^Oceanic and African Lanquages. 

The Oceanic countries, from Sumatra to the Marquesas, present 
us with a series of dialects which have all a relation to the Jaalay — 
the language of Malacca. Dialects of the same kind are found 
in Madagascar, among the Malagaysy. The TagcUic^ and the 
Bisa^o, of the Phihppine Islands, are found in the Molucca and 
Marian Islands ; and traces of them are found in New Zealand. 
Dialects of a language termed the Tahitian are distributed through 
the small islands of the Pacific Ocean. More to the west, . the 
Papuan tribes of New Caledonia, Papua, Australia, and Tas- 
mania, speak dialects which form a separate stock. These languages 
present a more finished structure than the condition of those who 
speak them would lead us to expect. 

The languages of Africa are little known, comparatively speak- 
ing, and have appeared innumerable to strangers and travellers. 
But this opinion arose from the difierence of pronunciation. The 
languages of Benin, Congo, Dahomey, and Nigritia, present the 
same combination of consonants, and many common words. The 
language of the Berbers, in the north of Africa, appears to be the 
remains of one spoken along Mount Atlas, and the Mediterranean, 
in very early times. The Coptic, a remnant of the ancient Egyptian, 
is well known. South of the Mountains of the Moon, all the lan- 
guages, except the Hottentot, are similar, and distinguished by the 
great prevalence of the initial mp. They are termed the Mpongwe 
languages. 

At tibe southern extremity of this part of the world, the Hotten- 
tots speak a peculiar language, ftdl of clickings and shakings of the 
tongue, which produce sounds similar to the cries of small birds. 

Recent researches lead to the conclusion that all the African 
languages (omitting Arabic dialects) are so closely connected as to 
form one class, and that they have a marked affinity to the Aramaio 
languages. 
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§ XL^— American Languages. 

Humboldt thinks that a great number of the American lan- 
guages are independent of one another. But subsequent researches 
lead to a different conclusion. They all exhibit the polysyllabic 
Btructure. An immense number of single words is strung together 
to form one, so that, as John Ehot said, " they seem to have been 
growing since the creation." They are therefore classed together as 
the Polysyllabic Languages. 

The Toultec, the Huaztec, and the Aztec, were successively cur- 
rent in Mexico, before its conquest by the Spaniards. These lan- 
guages, in which a laborious search has been made for some affini- 
ties to the MongoUan languages, are extremely complicated, both in 
their etymology, and their syntax ; and the same remark apphes to 
many of the American languages. The Aztec is the most preva- 
lent in Mexico at present The C/ierokee, Iroquois, and Algonquin, 
or Suron, appear to be the most widely extended of those that are 
spoken between Hudson's Bay and the Gulf of Mexico. These 
are' comparatively meagre and plain, though by no means simple. 
The Iroquois is remarkable for the total absence of labials. The 
Esquimaux or Karalit, which is current over the polar region, has 
been found to be the same as the Tschudic of eastern Siberia. In 
South America, the Carihhee, a sonorous language, prevails to the 
^ north of the River Amazons, as it did formerly in the West Indies. 
Several ancient dialects, regular in their composition, have disap- 
peared, in New Granada, Quito, and Peru. But the Quichua, the 
language of the Incas, remains in general use among the Peruvians, 
and in the adjacent regions. The Guarran language is so preva- 
lent in Brazil and Paraguay, that the Spaniards and Portuguese, 
even in several of the towns, speak no other. Different dialects, 
little known, exist in Chili, and in Patagonia. The Araucanian of 
southern Chili is said to be remarkably rich and harmonious. The 
Petcheres, in Terra Del Fuego, have a dialect peculiar to them- 
selves. 

The late Mr. Duponceau, who examined the American languages 
long and attentively, declared them astonishingly copious, and com- 
plex in their structure. They are also said to be much less irregular 
in their forms than European languages. 



§ XII. — ^Number op Languages. 

In the preceding sections we have passed under review all o( tliA 
principal i&iigwiges spoken by the huiaaii lac^i, n.o^ 'm^'^i. *^<^ ^* 
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ference in the scale between the Chinese and the Greek. For the 
first does not distinguish the singular from the plural, whereas the 
latter expresses the most subtle and profound thoughts, with precis- 
ion and energy. 

There are languages, again, which have no words to express im- 
perceptible objects; such as God, and the soul. 

The whole number of languages in the world has been very 
variously estimated. One enumeration makes 876 languages. Of 
these, 153 belong to Asia, 53 to Europe, 115 to Africa, 117 to 
Oceanica, and 438 to America. 

Another computation, however, makes their number as follows : — 
to Africa 276, to Europe 645, to Asia 991 : the total 3,026, includ- 
ing Oceanica. 

But of these, only 72 original languages are enumerated by 
others, the preceding number being made up by counting mere 
dialects as distinct lanoniao:es. 

There are only 12 languages which are known to be spoken over 
a great extent of country, or by a great number of persons, viz. : — 
6 Asiatic — Chinese^ Arabic^ Turkish^ Persian^ and Hindustani ; 5 
European — English^ French^ Russian^ German^ and Spanish ; one 
African — ^the Mpongwe ; and one Oceanic — the Malay, 



§ Xin. — Social CoNDmoN op Nations. 

With respect to the condition of society, nations may be distributed 
into three classes — savages, barbarians, or lialf -civilized, and civilized. 
Every class admits of various degrees. 

Savages are those who are ignorant of tlie arts connected with 
civilized life, of writing or of communicating tlieir thoughts by means 
of conventional signs, of the art of calculation by numbers, and of 
everything that can properly be called science. Worst of all, they 
are ignorant of their own origin and future destination, of the laws 
which govern their nature, and of the true character of its Divine 
Author. They are like children in point of character ; and their 
vague, unsteady ideas are attached only to objects which strike their 
senses. But their particular customs and modes of life greatly vary. 
Some cover themselves with rude ornaments, while others wear 
hardly any. Some are passionately fond of dancing and rude mu- 
sic, of the chase, and also of athletic games, such as ball-plays and 
foot-races; and some have national war songs to stimulate their 
young men to battle, and war dances, in which, with many grotesque 
gestures, they indulo^e previous to leaving home, and after their re- 
Uim from battle. Several of the Indian tribes have also a time of 
lasting and joUi^, when tlie tsssooa qx liid^isc[ic/<>\xiS&Y\^^^luch tliej 
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celebrate by a particular kind of dance, called " the green com dance." 
Others appear to have scarcely any hilarious exercises. 

In all that requires mere physical endurance and suffering, the 
Indians were formerly supposed to surpass civilized nations, especially 
in the power of abstaining from natural food, whenever it became 
necessary to attain an object by doing so. But a closer acquaint- 
ance with them has shown this opinion to be erroneous : the white 
trapper, in this respect, excels the Indian. Yet the latter supports 
pain with a degree of insensibiUty which must be attributed to 
greater obtuseness of sensation. Their industry is usually confined 
to a little gardening, to fishing, and especially to hunting ; for the 
chase constitutes not only their chief amusement, but their principal 
mode of Hvelihood. They exhibit also great ingenuity in the man- 
ufacture of articles of domestic use ; as pottery, bead-belts, baskets, 
hammocks, moccasins, and implements of war. Their wisdom might 
be considered as manifesting itself chiefly in council, where they as- 
sembled to deliberate upon the most effectual methods of attacking 
their enemies, whom they pursued in the most crafty and stealthy 
manner ; they frequently surprised them under cover of the night, 
and consigned their sleeping famihes to the horrors of conflagration, 
perpetrating on their captives tiie most shocking cruelties. Such 
atrocities have fortunately passed away, with a few rare occurrences. 
Some savages devour their enemies, others mutilate and even impale 
them, and some sacrifice them to their idol gods. Yet even the 
most savage and degraded exhibit some traces of the immortal 
mind. 

It is instructive to compare the taciturnity, resolution and constant 
feeUngs of the North American Indian, with the loquacity, irresolu- 
tion and fickleness of the Polynesian. This shows how worthless are 
the minute descriptions applied by many authors to all savages. In 
no condition shall we find such striking differences, both of circum- 
stances and character. 

The class of barbariaas, or half-civilized nations, comprehends 
every one which, by possessing a knowledge of writing, and several 
of tne more useful arts, with some traces of science, have evidently 
emerged from the savage state ; but the knowledge which such a 
nation possesses, is as yet an indigested mass of incoherent observa- 
tions ; their arts are exercised, as it were, by routine, — ^their policy 
is limited to the defence of their frontier, at the moment of danger, 
or to offensive operations conducted without a plan. Their progress 
is, in general, slow and uncertain ; because, even in advancing to- 
wards civilization, they have no proper conception of the great ob- 
ject at which they should aim. The most civilized nations regard 
the Turks, Chinese, and Russians, in the light o^ \iw\im"a»s»\ — -'^'^V 
jioAuqiB, they are not so inferior as nadoual ^\t-co\xc/^Vv> V^d^ ^^^^% 
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to suppose. Nations are very partial judges of their own sodal po- 
sition ; — and if the Spaniard be civilized, the Turk is not a barbanan. 
A civilized nation is one who has arranged its knowledge into the 
form of sciences ; and who is governed by laws, instead of l»iite force 
and violence. The best criterion ever given, is that of Thucydides, who 
considers a nation civilized when men can go unarmed, because the law 
protects them ; when they go armed for defence, they are, at least, 
barbarians. But high and thorough civilization can be obtained only 
by a nation in which Christianity, undefiled by superstition or en- 
thusiasm, displays its proper influence, in the purification and eleva- 
tion of the public morals ; — ^and who, consequently, in its intercourse 
with others, recognizes the great principles of justice, by acting 
in time of peace as the friend of every other state, and by respecting, 
in time of war, the property of defenceless citizens, and abstaining 
from all deeds of violence which do not tend towards the main ob- 
ject of the contest 



§ XTV. — ^Influence op Country upon the Character of Na- 
tions. 

The nature of a country has, in the estimation of many, a decided 
influence upon the virtues and vices of its inhabitants. It is said, for 
instance, that nations who live in a veiy rigorous cHmate, are habit- 
ually more addicted to the use of strong and inebriating liquors, 
than those who reside in a temperate, or even a hot region. The 
northern nations are also said to be constitutionally less hable to in- 
toxication, and to drink much larger quantities of strong liquors, 
without being ruined in their health and morals, than the inhabi- 
tants of countries which are exposed to the influence of a scorching 
sun. This has been said to be owing to the caloric, or natural heat 
of the body, being strenuously acted upon by the atmosphere, and 
passing off" more rapidly, and in greater quantities, from their systems, 
thus leaving, in its absence, a frigidity and debility which could not 
easily resist the action of the cold upon the limbs, and therefore re- 
quired to be more or less supplied by artificial means. But our pres- 
ent knowledge of the action of alcoholic liquors, and the experience 
of arctic navigators, render this explanation ridiculous. Instead of 
alcohol being beneficial in extremely cold countries, there are many 
instances where a single glass of brandy cost the person who drank 
it his life ; and in the polar regions, total abstinence fix)m all intox- 
icating liquors is rigidly enforced among seamen. Alcohol is imme- 
diately less dangerous in cold countries, owing to the more rapid es- 
cape of he^t ; but for that very reason, it is more dangerous when 
^e reaction seta in. It is also iovm^ lW\. \\i\ft:Rka.\ixv^ li<\uoi8 are 
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quite as much used in warm as in cold countries. So, we had an 
elaborate explanation of a fact which never existed, except in tho 
imagination. 

lie northern nations are supposed to occupy a most elevated rank 
in the scale of lofty and severe acquirements, in all the exact and 
more abstruse sciences, and are celebrated for their habits of laborious 
application, and even painful study, — whole lives being often passed 
in entire devotion to the attainment of one single branch of a subject. 
Instances of this are common among the Germans. Yet if we look 
at the extremely little real progress that has been made in many of 
the most important sciences, since the times of the ancient Greeks, 
we shall, perhaps, be apt to conclude, that more vigorous thought, 
with less plodding and mechanical study, would have beon better. 
It is remarkable that many of the most profound works — such as 
Newton's Principia — were written without any painfully protracted 
study. 

Southern nations are supposed to excel in the fine arts, to pos.ses8 
a melodious voice, a delicate ear, and musical taste ; a rich, harmo- 
nious language, exquisite refinement of sensibility, and luxurious pro- 
pensities, a superb configuration of form and feature, rich tints of 
beauty both of eye and complexion, and masses of flowing, or curling 
ebony hair, — and to be so indolent that even ainnsement becomes a 
toil ; while they indulge in sunny ease, hght spirits, and buoyant 
feelings, which partake of the character of their sparkling ski^ and 
mellow clime — ^gaiety being better understood aud appreciated here 
than in the heavy and gloomy atmosphere of their northern brethren, 
who have neither leisure nor inclination to bestow upon the lighter 
pursuits, or innocent recreations of life, and content themselves with 
being the manufacturers and merchants of knowledge, and of the 
mechanic arts, for the whole world. Yet this is only an instance of 
hasty generalization : and if we compare the plodding Chinese of 
Canton, within the torrid zone, with the Russian of Petersburg, 
near the arctic circle, we find the case, in a great measure, reversed. 

The aflfections and imagination of the southern nations are said 
to be more lively and more ardent than those of tho north ; and the 
genius which distinguishes them, of a more poetic, tender, and ro- 
mantic character, than that of the inhabitants of a more rigorous 
cUmate ; whilst colloquial talents, a graceful oratory, and a varied 
and powerful fancy, shed a lustre upon their manners, which confers 
upon them the palm of elegance in social lifj. But we beheve the 
negroes of Guinea, and the Indians of Brazil, are rather deficient on 
most of these points, tho\igh they live directly on the equator. They 
are certainly inferior, in these respects, to the Icelanders. 

France is pecuUarly distinguished for her patriotism, and heir vic- 
tories, her 2>oefc8, metaphysicians and p\i\\o5io^\veiB^,\ifex <^^\£i^s^&^'«si^ 



faer astronomerH, and for being one of tlie most higUj adorned and 
smiling countries on tlie (aw of the globo. Al! nature smiles there, 
and amiability apjiears to bo the nationiil characteristic. The air 
sparkles mlh wit, within the brillinbt cJrcl>?B of the Parisian woild, 
and life, happiness, and improvenient, seem to invite the beholder to 
Uve forever. The noblest institutions derot(>d to science and educa- 
tion, which are munificently thrown open for the benefit of the whole 
world, enrich tlie precincts of this gigantic emporium, on every side ; 
and the (luthfdl votary has only to phiek the frnits Uiat hang bo 
temptingly from the tree of knowledge, at every step, and sweetly 
realize his own immortality. Yet tlie picture has a repulsive reverse : 
for we find friendabip is often professed, where it ia not felt ; and the 
striHigost apparent feelings and professions of b>day, are no guarantee 
fcr the conduct of to-morrow. 

Soma of the preceding observations may teach the yoang reader 
to beware of beautiful theories, which do not accord with ^ts. H 
we c^miy look to these, we shall soon see the real state of the case 
in regard to climate. In cold countries, the difficulties with which 
man Iihs to contend, render him active, thoughtful, and circumspect ; 
and he will not squander what he laboriously acquired. Tf the cli- 
mate be extremely severe, it may require nearly all hia enOTgies to 
enable him to pr^erve hia existence, in which case he will eshibit 
very little general mental culture. In warm regions, the earth pro- 
duces BO abundantly, and ao little shelter or clothing is required, that 
there is much less stimulus to exertion, and much more time can be 
devoted to amusements, and mere accomplishments, if peoiile are so 
minded ; and men will be prodigal of what oMt them little toil 
But as all cold and warm countries are not alike, neither are the in- 
habitants. That mere heat and cold have very httle influence on 
character, must be ei-ident when wo reflect that the inhabitants of 
cold countries generally live in a temperature as high as the average 
of many warm countries. Thus the citizen of New York sits in 
winter beside hia stove, in a temperature of aliout 70^ ; while he of 
Sew Orleans, at tlie same time, sits with open window, in a temperature 
of 63^ or 64''. If one should ptnnt us to the cold ^nd distant man- 
ners of the Laplander, and compare them with tlie gaiety and warmth 
of the Italian, we simply require him to compare the sprightly, 
hilarious Norwegian, with the stem, unbending, and ungeniS old 
Roman. To arrive at truth, we must view both sides of a question. 

The lofty mountains of Switzerland, in their snowy mantles, the 
sparkling glaciers, and the placid lakes, that adorn this beautjf ' 
region, seem to have imparted a portion of their own sujierior e 
lence to the moral development of the beings who live i 
contemplation of their chaiina ; whilst they appear to hi 
Wiflnded aa a natural baiTwr U> &\vie\i mimceQcfc ^otq. "iA w 
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nation of a depraved and turbulent world ; and elevate to a nobler 
standard, the simple &ith that has so long distinguished the children 
of this happy land, and preserved in its peace and purity, the reli- 
gion of their fathers, amid tlie storms of persecution that assailed 
and threatened to overthrow this beautiful monument of a nation's 
glory. The happiest example we can offer of the true Swiss charac- 
ter, is to be found in the hfe and labors of the celebrated Oberlin, a 
preacher of the Protestant faith, who lived and died in the ser\icc 
of his parishioners, among the mountains and glaciers of the High 
Alps of Switzerland, in the daily exercise of the purest and deojK^st 
principles of the Christian faith, exhibiting in a luminous aspect, as 
through a. mirror, the strict self-denial and practical doctrines of the 
first apostles of Christ. 

Being above the evils of penury, and not above the necessity for 
daily toil, while they are not crushed by the iron rod of oj^pression, 
the Swiss character affords the most numerous and genuine speci- 
mens that remain to us of the primitive purity of habits and man- 
ners that belonged to the first ages of the Church, and so beautiftilly 
described by the early poets, as characteristic of the golden age of 
antiquity, which doubtless referred to the dap of patriarchal simpli- 
city, when the wants and devices of man were few — when gold had 
not yet become a god, and virtue exceeded vice — when pastoral fife 
furnished occupation, livelihood, and happiness to its quiet possessors 
— and while the hourly associations of men's minds were confined to 
the glorious firmament, the seasons and their varied influences, and 
to afr the other magnificent works of creation through which they 
read, as in an ample volume, the wonders and the love of the munfi- 
cent Creator of all ; and served and worshipped Him for Himself 
alone, yielding Him the unaffected and fervent homage of the heart 
and the understanding. 

The Swiss peasantry may be called the shepherds of Europe ; their 
time being chiefly devoted to tending and rearing flocks and herds, 
and manufacturing butter and cheese for foreign consumption. An- 
other class of the community are remarkable for their skill in the 
construction of clocks, watches, metronomes, and various other pieces 
of mechanism for the exact measurement of time, and also of musical 
instruments — especially that delightful little instrument, the accordion, 
which, in the wild melody of its tones, seems to have imprisoned 
passing mountain echoes, to let them escape at will. The grand, 
varied, and delightful sceneiy which surrounds them, seems to exer- 
cise an elevating influence on their character; and we find them 
exhibiting integrity, contentment, industry, an ardent love of the 
charms of nature, bravery, and a passionate attachment to their native 
mountains and valleys, and the romantic music of ihe peasant's hom^ 
ecboiDg through the precincts of tlieit \>AoNedL VoravsA^ «sA ^^o^.^ 

I 
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heard on a foreign strand, is said to melt the soldier to tean, and 
produce such an influence upon his feelings, that the air has been 
prohibited among some of the Swiss regiments serving alMroad, lest 
it should lead them to desert for home. 

The favored soil of Greece, from the earhest periods of literaiy 
antiquity, until the subjection of her gifbed sons beneath a foreign 
yoke, furnished a rare example of the brave and the beantifiil, the 
noble and the tender, the elegant and the profound. 

Such are the fruits of liberty. Had the Swiss been snbdued by 
the Austrian in the middle ages, or had the Greek of old bowed hi 
neck before the J^ersian, we should not to-day have so much to say 
of their virtues. Nor were the brave deeds of Tell or Leonidas ben- 
eficial only to their own contemporaries. The memory of their an- 
cestors animated and sustained the Greeks of the present day, in 
their recent dark but successful struggle with the haughty Ottoman ; 
and should the liberties of Switzerland be now threatened by foreign 
despots, the recollection of their fathers' valiant deeds would steel 
their arms to defend their country's rights, and maintain the blood- 
bought Uberty left them as an inheritance. 

Tyrants should know that no time will efl^ce the memory of lib- 
erty. The Greeks, in spite of the yoke of tyranny under which 
they were oppressed for 2,000 years, exhibited in their recent dread- 
ful struggle with a barbarous foe,* the manly character and republi- 
can spirit of their ancestors, of whom they proved themselves no 
unworthy descendants. 

The small town of Parga, whose unmerited catastrophe is an ever- 
lasting disgrace to those who effected it, repeatedly presented the 
spectacle of women taking up arms to fight for liberty. We know 
that Byron wrote — 

" 'Tis Greece, but living Greece no more I" 

This line displays the black heart of him who penned it. Greece is 
living — a free, independent country, after having performed deeds 
not unworthy of her best days ; while Byron's grave contains the 
remains of one who died in the prime of life, the victim of de- 
bauchery ! He found the Greeks would not fall down and worship 
Mm^ or even elect him king, or general-in-chie^ (for either of which 
he was totally unfit,) so he must vent his spleen by croaking Greece 
was dead ! f a strange way, truly, of assisting the Greeks, while con- 
tending against such fearful odcfs. 

* We are all well aware that the character of the Turks has been called by 
some who profess to guide public opinion, " very respectable." The mas- 
sacre of Scio is a suflScient answer. It is well that the Turkish power is now 
a nonenity, though we hope the barbarous Russ is not to succeedT to it 

f We think it is much to be regretted that this man's autobiography was 
Qot publinhed, instead of being burnt, and \Y\a.\.TViO'msM&^«^Kic^ ^adv^t^Spre all 
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Mountains, rivers, and forests, probably directed the course of the 
first tribes in their emigrations ; and having influenced their physical 
and moral character, have also given rise to the first geographical 
divisions and denominations. But what has most accelernted the 
extension of the human species, and the progress of civilization, is 
the invention of navigation. 

What lively and strangle emotions must the first men have felt, 
when, descending from their paternal mountains, after having wan- 
dered in the thick forests which .covered them, they saw their further 
advance impeded by an immense plain of water, which, in the dis- 
tance, appeared to be lost in the sky, and to mingle with the clouds ! 
From observing sea-fowl on floating logs, they probably learned the 
art of constructing boats, and finally large vessels, with sails and 
masts. Experience and enterprise gradually taught them the art of 
navigation, which in the lapse of time, civilization and increased 
knowledge reduced to a systematic art of an important character, 
upon which became established the respectability and power of na- 
tions, and the rank they held over others, their success in war, their - 
wealth, and their enterprise in founding colonies, and finally, their 
aggrandizement by means of commerce. Interior nations were of 
coarse precluded by their situation from obtaining any power or be- 
ing influenced by such means. 

The fete of great human famihes has been decided by the direc- 
tion taken in their emigration ; by the nature of the soil they occupied ; 
but above all, by the position of the great seas of the globe, and by 
the advantages which men derive fi*om them. May not the perpet- 
ual infency of the Chinese be owing to their ignorance of the art of 
navigation ? 

On the contrary, if the Japanese and Malays exhibit a character, 
manly, enterprising, and different from that of other Asiatic nations, 
it was formed at the epoch when their squadrons traversed the great 
Eastern Ocean, or Pacific, which is at present filled with their colo- 
nies. 

The people of Afiica are, as it were, buried in the midst of a great 
continent, destitute of gulls lEmd arms of the sea, to call forth their 
enterprise or their invention, or enrich them with the gains of com- 
merce. This circumstance has powerfully contributed to repress the 
energies of the nations of that continent. 

The nations who have peopled Europe, on the contrary, had to 
cross the Caucasus, the Alps, the Black Sea, the Baltic, the Grecian 
Archipelago, the Adriatic, or the Mediterranean. Obstacles so for- 
midable retarded them at first in their progress ; but at the same 

bis letters at length, and tell the world all he knew about him : for then he 
Wotild have appeared to the world as he waa, and \3ia'^m^3av^^^s^^\2K^% 
h^ to mat daaa to which their author beV>nged. 
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time, they served to develop and fortify that character of activity 
and courage which is common to the European nations. The de- 
scendants of Cana^m, the Phenicians, gradually lost the empire of 
the sea ; Athens rivalled Tjre ; a Grecian city ruled over conquered 
Egypt ; Carthage submitted to Rome ; and Europe seized the sceptre 
of the world. At this first epoch, all civilization was collected 
around the Mediterranean ; it was almost the only sea upon which 
there tviM any navigation. A second epoch commenced, as the 
march of civilization was still intimately connected with the progress 
of navigation. The compass of Columbus appeared. A new world 
saw European vessels land on its shores. A new Europe has arisen, 
and continues to advance with giant steps in the career of improve- 
ment. The Atlantic Ocean has become what the Mediterranean was 
before, the great highway and thoroughfere of civilized nations. 

But the march of civiUzation is far from being terminated ; the 
wonders we have witnessed may still be surpassed. The Europeans 
have not confined themselves to the shores of that Atiantic Ocean, 
which, immense as it appeared to the Phenician and Greek naviga- 
tors, is only a narrow sea, compared to that great ocean, which, 
under the name of the Pacific and the Southern, extends fi'om pole 
to pole. American ships, by hundreds, already plough the whole of 
this aquatic hemisphere ; — already British colonists have begun to 
settle Austraha, which may be termed a continent, besides some of 
the large islands adjacent : and ere many ages pass away, these coun- 
tries will exhibit the cultivated field, the crowded city, the hall of 
science, and the temple of worship of the true God. Then those 
wide-extended lands, whose plains and hills now produce only aro- 
matic herbs, will produce the staff of life ; bays now shadowed by a 
forest of growing trees, will display a forest of masts ; gold, and 
more valuable iron, will be extracted from the bowels of mountains 
as yet untouched by the miner ; coal will be dug up to move ships 
and machinery ; coral and pearls will be dragged from the bottom 
of the sea, to adorn the new capitals ; and the Great Ocean will 
then be the great highway of the nations, whose ships shall hail 
each other in peace, and advance to bloody fray no more ; for the 
everlasting Gospel, diffused throughout the world, and rooted in the 
hearts of all, will ensure universal, never-ending peace, and national 
iealousies will forever cease. 



§ XV. — Course of Civilization throughout the World. 

The banks of the Nile and the Euphrates witnessed the first civi- 
ed communities of whom we have any account. From the former 
w, a stream of population seema \o \^2s^ cam<^ ^axc^!^ ^1 \k<^ axU 
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along with them to the eastern borders of Asia. But here we ob- 
serve no very marked progress. Very different was the course of 
that which spread towards the west. Greece received her earliest 
knowledge from IB^ypt and Phenicia, and carried many branches of 
the arts to the utmost attainable limits, while she vastly increased 
the amount of scientific knowledge, and left compositions which please, 
elevate, and instruct to this day. Rome received the intellectual 
treasures of Greece, added to the store, exhibited a new phase of law, 
government and pubhc policy, and spread civilization to the Atlantic 
Ocean, along which it spread, from Gibraltar to the Norwegian snows. 
In the mean time immense changes had taken place, to alter the 
whole face of civihzed society. A new rehgion had appeared, differ- 
ing in many of its doctrines and precepts from all those which had . 
previously prevailed among the nations. It made new revelations 
of the Creator, of man's nature, duties, and destination, and laid 
down new rules for his conduct. The overthrow of the Roman Em- 
pire, soon after this rehgion had spread over southern Europe, appa- 
rently threw everything into confusion ; the once \igorous sway of 
Rome was prostrated in the dust ; and the world saw the fall of the 
last universal empire. Rude, illiterate warriors from the north and 
east seized the western dominions of Rome, destroyed many of the 
monuments of antiquity, and apparently effaced the very footsteps of 
civihzation. Here they plunder and destroy churches, and murder 
the ministers of rehgion ; there, when overcome by the professors of 
the new faith, they submit to the initiatory rite of baptism, to save 
their hves. Who would expect that from such beginnings should 
arise a civilization more expansive, more thorough, and above all, 
more benign than that of Thebes, of Athens, or of Rome ? Yet, 
such was the result, — and the descendants of the very men who 
nicknamed their leader for condemninof their horrid and inhuman 
barbarities,* were to contribute their share : — such is the power of 
the Gospel of Christ. Those rude warriors passed away, and with 
them the darkest part of their character, while the bright was to be 
more fully developed in their descendants. Numerous causes, which 
we cannot stop to enumerate, had excited some degree of inquiry, 
enterprise, and mental culture in Europe, when the discovery of a 
new continent, at the end of the 15th century, aroused the already 
wakening mind of Europe from the slumber of ages, and set in mo- 
tion agencies, of whose results we yet see only a small part. 

* An army of Normans called a distinguished general in contempt Olver 
Bamacarl (children's old man,) because he expressed liis disapprobation of 
their custom of amusing themselves, after plundering and burning a city, by 
tossing captive little children in the air, and catching them on the points of 
their spears as the^v fell Such were the metv -whosfe ^«ac«tt^\i\a ^stv^fsa^ 
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The great questions touching the relation of man to Ood, to hu 
feUotr-creaturee, and to the universe, UQil domestic, social, and polite 
ical order, vrhiuh had all beea solved after a sort, at the be^nning of 
Oia bah, were brought again inlo discussion ; anil then civilization, 
taking up its hue of march, liaa moved onward, towards the West, 
to give theaa discussions a new solution, in a new sphere of action ; 
and the whole dvilized world awaite the issue with eager interest 
The Christian feels no uneasiness, but goes stiaight on in the coime 
of duty ; for he Imows the result, though not the exact time of its 
accomplishment. 

The eastern civilization has its centre in China, and its ontposla 
are Japan. It embraces its hundreds of millions of men, and baa 
moved in a direction contrary to that of Europe, from west to east 
Its locomotive powers ate slight, and it seems lo have been nearly 
stationary for several centuries. We might compare tlie respective 
speed of these two civilizatjons, to the two great revolutions of the 
globe, viz., the aimual revolution in its orbit, and that which gives 
rise to the precesaon of the equinoxes. The eastern cirilization is 
less active, and less ea^y set in motion titan the western. But we 
must do it the justice to confess, tbat to it belongs the honor of ser* 
eral capital inventions and discoveries, such as the mariner's oHn- 
pass, printing, and gunpowder,* on which the Europeans pride tbem- 
selves ; and we must also acknowledge, that the eastern civilization 
has solved the mighty problem of keeping under one law, for tu in- 
definite number of ages, a population greater than that of all Europe. 
The Roman empire, whose population was less than that of China, 
stood whole only three hundred years. The spiritual authority of the 
Pope, which extended over a still smaller surface of territory, was 
absolutely acknowledged at all, only from Charlemagne to Lutber, 
and rejected by many even before Luther's time. 

The two civilizations, thus extended to the extremities of tbe 
continent, were separated by an immense space, beibre the 
had fixed itself in America. Now more than half the interveniw^ 
distance is passed : Mexico and South America are cohered with oft 
sets from the latter, on the side which looks towards Asia, as well aa 
on that which fixjnts Europe. The more enei^tic raM of the United 
States have extended themselves &om sea to sea, and now meet tho 
sons of Han on each shore of the great ocean. From this point of 
view it is clear that America, placed between the two civilizationa. is 
reserved for high destinies ; and that the pn^reas of the New World 
b a matter of the deepest interest to all toe human race. 

Since the age of Louis the Fourteenth, the European merchi 
who are the pioneers of state pohcy, strove with a constantly L 

* Tieae were all brougbt fioia CU]iai\o'£QXQ^\ii >}Qe 't«d^ ■ 
ropeaoB, iiowever, greatly improvai on fiia C\oiiB« ianrafim*. 
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ardor, to open closer relations with China, because they have felt the 
importance of a regular system of exchanges between Europe and a 
mass of two hundred and fifty millions of producers and consumers. 
The emancipation of the United States from British thraldom, and 
the abohtion of the monopoly of the East India Company, gave to 
the efforts of commerce an irresistible force ; and, notwithstanding 
the palpable injustice of their course in the late war with China, the 
British were nowhere loudly censured by public opinion, because the 
nations were aware of the immense advantages which would accrue 
to China itself and the world at large, from throwing open that vast 
empire, whose territories include one third of the Asiatic continent, 
to pacific and general intercourse with Christian and more ci\nlized 
states. The cause of the British was unjust, because they were 
forcing their destroying drug upon an unwilling government. Yet 
the real conduct and motives of the Chinese government and its 
functionaries, w^ere mean and contemptible. The mandarins had 
been in the habit of conniving regularly at the introduction of 
opium, up to the time of the rupture with the British, although 
there were ever so many state proclamations against its introduction, 
the only condition being a heavy secret payment. When the 
proclamation appeared which led to the seizure of the opium at 
Canton, the British thought it was merely designed to extort heavier 
payments. The Chinese government was now serious, simply be- 
cause they found that the immense quantity of opium introduced, 
turned the balance of trade against their country ; and instead of 
receiving sj)ecie, they now had to pay a large sum to " the red- 
bristled barbarians," — as they then termed the British, — ^to cover 
their deficiency in exported goods. The lofty allusions to public 
health and morals were nothing more than a mask to cover the real 
motive, which is seldom avowed by absolute governments. The 
result of the war will be highly beneficial to China, because the 
missionary can now enter their country to give them a knowledge of 
the only true religion ; and the humiliating knowledge of their own 
inferiority (which was forced upon them by the ease with which a hand- 
ful of British completely prostrated the whole military strength of their 
vast empire, and compelled them to pay in full for the expense of 
defeating them,) must make them more willing to learn their 
sciences and arts. Before this power, the laws which closed up the 
Celestial Empire, gave way. The unimpeded introduction of opium 
will produce more evil at first than existed under the old system : 
but it will tend to open the eyes of the Chinese more effectually to 
the pernicioas consequences which follow its use ; and thus lead 
more quickly to its general abandonment. 

Subsequent to the opening of China, the T\rck% \i2«.N^ Vs^js^s. \sw- 
duced to lay aside their iutolerant bigotry \ im^ \\\V3>& ^^ \ssA^^ ^ 
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the 19th century has witnessed the removal of the two great barrien 
which excluded from Asia the knowledije and civilization of the 
west. Tlie exclusive policy of Japan, also, must soon be classed 
witli the tilings that were. The human race has come into posses- 
sion of new means of communication, which shorten distance in an 
unexpected degree. The two cinhzations are already commingUng : 
a powerful stimulus is given to the oriental ; and we already see the 
dawn of the day when the whole race of Adam will associate as 
one family, and with more friendly feeUngs than when Cain slew 
his brother. 

Before the days of Christopher Columbus and Vasco di Gkma, 
Europe had had communications with China, through the medium 
of the Arabs, independent of the caravans which traversed central 
Asia. The Arabs, conquerors and missionaries, placed between the 
two civilizations, formed a means of communication between the 
two. To the East, they were the messengere of the West, and to 
the West, the couriers and factors of the East. Unhappily, since 
the western civilization has shone with the greatest brilliancy in 
Europe, Arabia has thrown out but feeble gleams of hght While 
Europe .and her colonies have acquired irresistible energy and ac- 
tivity, the Arabians — debased by the religion of the false prophet* 
— have fallen into a deep lethargy ; in that quarter, tlierefore, the 
intercourse, which was never speedy nor complete, has almost 
ceased. But if, as some suppose, the Arab race is about to rouse 
itself from this long stupor, at the voice of Christian truth, the West 
will have a powerful ally in its efforts to transmit to Asia the means 
of obtaining a higher standing among the nations ; and this illus- 
trious and wide-spread race will thus powerfully contribute to the 
union of the two civilizations, through the ancient channel of com- 
munication, while the steamboat communication through the Red 
Sea and the Mediterranean opens a shorter means of communica- 
tion between the furthest east and the extreme west. 

The nations whom we were accustomed to call Oriental, but who 
are only inhabitants of the nearest east, have ceased to be formida- 
ble adversaries to Europe ; they delivered up their swords at Gizeh, 
Navarino, and Adrianople. The colonization of America is now, at 
length, completed, from Hudson's Bay to Cape Ilorn ; Europe 
moves towards the east, as well as towards the west, llie Isthmus 
of Suez, and the Isthmus of Panama, are becoming the routes of 
western civilization to the great East. Britain chietiy traverses the 
one and her American descendants the other : and these two nations 

* Wherever Mohammedanism prevailecl, the effects have been the same,— 
first, great activity and vigor, followed hy a t^tal prostration, as the oonsum- 
mation of a steady decline. 
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completely overshadow all others in the career of advancing and 
diffusing civilization. 



ADDENDUM TO SECTION III. 

[^The following remarks on Hassell's Ethnographic Table^ere accidentally 
omitted in the proper place.] 

The preceding table is defective, in several respects. Some classes 
are over-estimated, as the Japanese ; and others are under-estimated, 
as the Germanic nations and their descendants. Some races, again, 
are classed together which have no affinity, as the Basques with the 
Cymric and Gaehc tribes. The various distinctions between the 
Hottentots, Papuans, and Alforians, are also overlooked. Notwith- 
standing these defects, however, the table appears to have been com- 
piled with care ; and it will give the reader a tolerably accurate no- 
tion of the comparative numbers of the various races of mankind. 
We are not at present in possession of data that would enable us 
to give a table which could be depended on for perfect accuracy ; 
and therefore, we have given HasselPs nearly as we found it. The 
pYindpal change which we have made, consists in classing the Turks 
and western Tartars with the MongoUan race, to which they properly 
belong. We have preferred this course to indulging in the day- 
dreams which are still so freely and unhesitatingly laid before the 
public.* 

* Of these we have a good instance in Kombst's Ethnographic map of 
Britain, published in Johnston's Physical Atlas, where we are gravely in- 
fcmned there are in Britain 16 millions of unmixed descent, although it is ac- 
toally a moral impossibility that there can be one tenth of that number ; and 
in all probability there is not a solitary individual who is not more or less of 
mixed descent. 
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I g I. — General Scrvbt. 

The inhahitante of the eartli may be divided into three cl 
a religious point of vioiv, viz. : — Christinn, Mohammedan, and Ps^ 

Tlie fifBt, in point of numbers, consideraLly exceeds the » 

and Btill fiUla far short of the third ; but the nations which pro&rs 

I Christianity have acquired so great an oscendeaey in arts, social 

improvement, and political power, while their colonies have filled, 

' and are multiplying over all the savage and unoccn[iied portions of 

\ the globe bo Gist, ihnt this faith is now more widely diSiiscd tiiof ■ 

any other. 

, The Mohammedan nations, though far inferior in numbers to fi 

I Christians, occupy a lai^ proportion of the most fertile r^ona e 

the globe, but are sunk in slavery and degradation, so much so, t" 

their sway is not likely to endure above a century or two longer. 

Of the Pagan religions, the most nuraei-ous, and the only drilia 

tosseasora, are those attached to the kindred creeds of Brahma, and 
Suddnh, tbe former of which is established over the greatest part of 
nindoostan ; the oUier of China, and other conlinenLil kingdoms 
and insular territories of eastern Asia. From their peculiar hsbi^,^ 
and the immutable nature of tlieir institutions, they are Hkely li 
I adhere to t]ieae systems with greater tenacity than the votaries i 
I superstition in Africa, the South Sea, and other quarters, where C 
train of bchef and observance, however fantastic, ' 
texture. 

The following table shows the estimates of Hassell and 1 
Brun, of the various religions, omitting all numbers below tlio| 
Bands : — 

L HASSELL'S ENUMERATION. 

Pagans, .^01,820,000 

Christians, 252,505,000 

I Mohammedans, 1 20,105,000 

[ Jaws, 3,030,000 

^^H Tot;d the g 
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Roman Catholics, . ........ 134,732,000 

Greek Church, 56,011,000 

Protestants, 65,791,000 

Monophysites, 3,865,000 

Armenians, 1,799,000 

Nestorians, 367,000 

Total of Christians, 252,565,000 

Lutherans, 24,264,000 

Presbyterians and Congregationalists, . . 12,760,000 

Episcopalians, 14,905,000 

Methodists, Baptists, <!^c., 3,862,000 

Total of Protestants,* 65,791,000 

n. MALTE BRUISES EIOJMERATION. 

European Catholics, . . . 88,000,000 j ,, « ^nn ^aa 
CathoHcs out of Europe, . 28,000,000 -11^0,000,000 

^Greek Church, 70,000,000 

Protestant Churches, . . 42,000,000 

Total of Christians, 228,000,000 

Jews, 5,000,000 

Mohammedans, 110,000,000 

Brahmins, 60,000,000 

Shamanists, or Lamaites, 60,000,000 

Buddhists, and kindred creeds, .... 150,000,000 

Fetichists, and various others, 100,000,000 

Total of Pagans, 310,000,000 

§ II. — Protestant Christians. 

Lutheranism, or the Evangelical Church, is supported by the state 
in Prussia, Saxony, Hanover, Denmark, Norway, Sweden, and Livonia. 

Calvinism, or the Kefornied Church, is the most prevalent in 
Switzerland, in some countries of Germany, and in Holland. It is 
also that of the established clmrch in Scotlaiul, and most of the dis- 
sentei's in that country beloiiji; to the same persuasion. We may 
identify with the lielbrmod Church, the Congregationalists, who are 
numerous in Britain and the United States. 

* All the Protestant clenomination3 are iinder-estlnmted, «^"1 lVv6 1^\&^ 
daas exceediDgiy so, 
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Tho Eoglislm 9r Anglican Episcopal Churcli^ ia tke eBiahHahed r& 
ligiou of ly^gls^id ; and in Ireland, although the fajtix ci the mmotity, 
it is uphel(ji by the strong hand of poNver. 

The preceding tixbles give no distinct account of mauy, Pwtestanf 
denominations Of the tJnitarians, or Antitrinitariana, roofttsof those 
who have separated from other denominations are found in the United 
States, a,nd in Britain ; but many liolding their sentiments are found 
in other coi^muuions. 

The Arminians, or Remonstrants, were originally a party which 
sprung up in Holland, and who differed from the Calyinists in the 
opinions which they held concerning the doctrines commonly called 
the Five Points. Their opinioiis, with various modifications, are now 
held by the majority of Episcopalians, and by many among the other 
Protestant denominations. 

The Antipaedobaptists, or as they are commonly termed, the Bap- 
tists, are a numerous party in the United States, and have many con- 
gregations in Brjitain. Th^re aj;e sevei:al subdivision^ of them. The 
United Brethren, or Moravians, are Arminians in creed, and Episco- 
pal in church goyernmenL They are found chiefly in northern 
Germany, and in the United States. They were among the first 
Protestants who carried the blessings of religion and the useful arts 
into heathen lands. The Friends, or Quakers, the Shakers, Bunkers, 
and Swedenborgians, are found chiefly in England and the United 
States. The Swedenborgians were followers of 13aron Swedenborg, 
a Swedish nobleman. The Methodists, who originally were sec^ 
ders from the English Church, are very numerous in America and 
England. Their creed is exclusively Arminian, with the exception 
of the Whitefield Methodists, who are Calvinists. These are found 
chiefly in England. The amount of good they effect in new coim- 
tries is immense — ^breaking down the rough places, and hewing out 
a path of holiness and light, and acting jis pioneers to all other sects. 

The following table, compiled from the most recent returns and 
estimates, exliibits the number of churches, ministers, and communi- 
cants belonging to every denomination in this country, excepting a 
few of the smallest. The numbers in round thousands are only ap- 
proximate estimates. 

RELIGIOUS DENOMINATIONS OP THE UNITED STATES. 
Denomination. Churches. Ministers. Commonicanta. 

Roman Catholics, 966 1,026 1,231,300* 

Methodists, — various classes, ... — 6,707 1,215,069 
Baptists, do 14,111 8,425 1,007,653 

* The Roman Catholic communicants are disproportionately large — thft 
wlioJe number of their adherents being much smaller than that of the Metho* 
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Denomination. Chorohes. MiniBton. Commimieanti. 

Presbyterians and Reformed,* . . . 6,210 4,944 594,0*73 

Universalists, 1,500 1,500 325,000 

Congregationalists (Evangelical), . . 1,971 1,087 197,196 

Lutherans, 1,604 663 163,000 

Protestant Episcopalians, .... 1,232 1,497 67,550 

United Brethren, 1,822 624 67,000 

Unitarians (Congregational and Baptist)!. 907 748 33,000 

Swedenborgians, 42 30 5,000 

§ in. — Greek and Roman Catholics. 

The Greek, or Eastern Church, which was most orthodox in the 
fifth and sixth centuries, is tlie established religion of Greece and Rus- 
sia ; and it is tolerated in Tm-key, mnd in the Austrian dominions. 
Among its kindred brandies, are the Nestorians, in Asiatic Turkeys 
who, at one time, were very numerous in Tartary, Mongolia, and 
even in China ; and the Monophysites, who comprehend the Copts 
in Egypt ; the Abyssiuians, the Armenians, and the Jacobites of 
Syria and Mesopotamia. Some of these have recently joined the 
Roman Catholic Cluu'ch : but their number is not considerable. 

The^Roman, or Western Church, comprehends within its pale the 
greatest part of France, Belgium, Italy, Spain, Portugal, Austria, 
Poland, southern Germany, the numerous Spanish and Portuguese 
Colonies in America, Africa, and Asia ; three fourtlis of the popu- 
lation of Ireland, one half that of Switzerland, and one thivd that <rf 
Holland, besides many adhei*ents in Britain. The Pope is considered 
the spiritual head. The Gallician, or French Church, was formerly 
distinguished by peculiar tenets and privileges, which oi)posed an in- 
vincible barrier to the usur^mtions of the Pope. But this distinction 
is no longer maintained. 

§ IV. — Mohammedanism and Judaism. 

Christianity has seen many enemies arise, but none greater than 
Mohammedanism, or Islam, which is a confused mixture of Judaism, 

dists and Baptists — because most of tlioae belonging to their denomination 
communicate. The terms of communion vary so much among the other denom- 
inations tliat the number of conamunicants is not an exact criterion of tlie total 
number of a denomination. 

* The Dutch Reformed and tlic German Reformed. Both of these have 
the same creed, and essentially tlie same form of churcli government as the 
Presbyterians. 

f Wo give these by themselves, as their creeds are essentially different 
frotn tbiiee of the other Congregationalists and Baptists,, though the^ h&^^tbj^ 
Ibna of church polity. 
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Paganism, and Christianity. Some portions of the Koran are said 
to have been stolen from the Bible by its subtle writer. 

The Mohammedan creed prevails in the greater part of western Asia, 
in most of Africa north of the e([iiator, and in European Turkey. 
It is also tolerated in Russia. Mohammedanism comprehends several 
sects. The Sunnites, and the vShiites, or Sej)aratists, are the principal 
The Sunnites, though divided, with regard to discipline, into four 
parties, agree in reckoning the book of Traditions, or the Sunna, in 
the number of their sacred writings, and in considering Omar and 
his successors as the legitimate Caliphs. The Suhnites give the name 
of Shiites, (i. e.. Separatists,) to all who differ from them. They 
reckon six classes, each split into twelve subdivisions, which makes 
seventy-two heretical sects ; for the Turks have thought, like Bossuet, 
that a multiplicity of sects furnishes a plausible objection to their 
doctrines. There is, however, but one considerable party among the 
Shiites, that of the follower of Ali, who reject the Sunna. This 
cre^d is prevalent in Pei*sia. The other Mohammedans — ^the Turks, 
Arabs, Tartars, and Mohammedan Hindoos and Malays — ^belong to 
the Sunnites. This sect numbers about one hundred miUions, and 
the Shiites about fifteen millions. The Wahabees, Sunnite reformers 
in Arabia, embrace about five miUions. 

Judaism, which long preserved a knowledge of the tme Glod amid 
heathen darkness, is now dinded into two principal sects — ^that of the 
Karaites, who acknowledge as Divine only the books of the Old 
Testament — and that of the Kabbinists, or riiarisees, who attribute 
an authority almost divine, to the collection of traditions and expla- 
nations known by the name of Talmud. 'Jlie latter are by far the 
most numerous. The Karaites are noted for general integrity of 
conduct, and being often devoted to agricultural })ui*suits. 

The Jews are found scattered over the whole world ; but they are 
most numerous in the Turkish and Austrian dominions, and in Russia 
and Poland. There are also many in Germany, Franco, and Holland ; 
and they arc increasing veiy rapidly in the United States, w^hicli is 
one of the very few countries where they possess all the rights of 
citizens. In some parts of P]uroi)e, they are prohibited by law from 
settling in the country ; and in most other parts, tlioy are laid under 
many disabilities. Many of' the Jews of the present day are infidels 
having no belief in any revelation ; but these opinions are confined 
chiefly to German Jews. \ 

To Judaism we may refer the Samaritans, who are still found m 
Egypt and J^'^lestine, chiefly in and around Nablous, the ancient 
Shechem. They expect the Messiah, and observe the Mosaic law, like 
the Jews ; but they receive no part of the Bible except the five books 
of Moses, of which they preserve a celebrated and very ancient ver- 
^OD, written in characters mud\ oV^^i \Xi«a. ^(k\a owaxoiRPCi.'HabtQW 
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letters. Their views regarding the Messiah are more correct than 
those of the Rabbinists, who generally exjiect only a temporal dehv- 
erer and sovereign. The origin and early history of the Samaritans 
can be learned from the Old Testament ; for they are the same peo- 
ple that are spoken of both in the Old and the New Tastament. 

The Jewish Scriptures and Jewish pohty, were designed only to 
pave the way for the introduction of Christianity, which sprung up in 
the bosom of Judaism, and now sheds its benignant and liberal in- 
fluence over the most civilized coimtiies, and in all quarters of the 
globe. 

§ V. — Missions. 

The Roman Catholics have many missionary establishments 
among the heathen : but they are less flourishing than those of the 
Protestants. Tlie following table contains the names of the princi- 
pal Protestant Missionary Associations in the world, and the coun- 
tries where they sustain missions. 

I. MISSIONARY ASSOCIATIONS. 

Ameripan Board of Foreign Missions; Presbyteiian Board of 
Missions ; American Baptist Missionary Society ; American Metho- 
dist Missionary Society; American Ilome Missionary Society; 
Protestant Episcopal Missionary Society ; American and Foreign 
Christian Union ; United Brethren ; ( English) Society for Prop- 
agating the Gospel in Foreign Parts ; Society for Promoting Chris- 
tian Knowledge (London); London Missionaiy Society; Church 
(Anghcan) Missionary Society; Wesleyan Methodist Missionary 
Society ; Baptist (EngHsh) Missionary Society ; London Society for 
Promoting Christianity among the Jews ; Colonial Missionary So- 
dety ; Genei'al Baptists' Missionary Society ; Scotch Church Mission- 
ary Society ; Free Scotch Church Missionaiy Society ; French Prot- 
estant Missionary Society; German Missionary Society; Rhenish 
Missionary Society ; Netherlands Missionary Society. 

IL COUNTRIES CONTAINING MISSIONARY STATIONS, AND 
ASSOCLA.TIONS BY WHOM SUSTAINED. 

Ccmntries. By whom sustained. 

Greenland and Labrador, . Moravians, or United Brethren. 
Upper Canada, .... Moranans and EngHsh Episcopahans, 

Wesleyans. 
Chippeway.and Sioux Ind., Amer. Board of Foreign Missions. 
Cih^kees and Choctaw Ind., American Board and American Ba^ 

ti&ts. 



Coimtii^ By whom eastaliied. 

West Indies, Moravians, English Baptists, Wesley 

an Methodists, EngUsh and Scotdi 
Churches. 

Guiana, Moravian and Baptist Missioni. 

Turkey, American Board, English and Scotch 

Church. 

Greece, ■, do. do. 

Western Asia and Persia, . Ameiican Board. 

Siberia, London Missionary Society. 

Western Africa, .... Englisli Church Miss. Soc; United 

States Episcopal Missionary Society ; 
Wesleyan Methodist ; Grerman Mk- 
sionary Society; American Bap- 
tist and Methodist Missionary So- 
cieties ; American Board. 

Southern Africa, .... London Missionary Society ; Amerioaa 

Board; Scotch, Moravian, Wes- 
leyan, French, and Rhenish Wb- 
sionaries. 

Madagascar, London Missionary Society. 

North Hindostaik, .... E^Ush and Scotch Churches; Lon- 
don Missionary Socaety; Baptists 
and Methodists. 

South Hindostan, .... English Episcopalians, Methodist So- 
ciety, and American Board. 

West Hindostan, .... English and Scotch Churches, and 

American Board. 

Ceylon, English EpiscopaUans, Methodists^ 

Baptists, and American Board. 

Extern Lidia, American Baptists ; London Mission- 
ary Society ; English Church Ifis* 
sionary Society. 

China, ,...*.. American Board ; United States Epis* 

copal Missionary Society. 

Australia and New Zealand, English Church Missionary Society ; 

Wesleyan Missionary Socnety. 

Malaysia, American Board and Dutch Mission- 
ary Society, and German Mission- 
aries. 

Sandwich Islands, . . . American Board. 

Society and Georgian Isles, London Missionary Society. 

Friendly, Navigators', and ) rxr i ^r. . a • *w 

Feg^ Islaiid^ . . . .[ Wesleyan Missionary Society. 
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The name of polytheism^ (worship of many gods,) is given to 
every system of religion which admits the existence of several gods. 
One of the grossest is fetichism, or the worship of fetiches. By 
fetich, (a word which comes from the Portuguese,) is understood aU 
sorts of animated or inanimate substances which the priests of this 
rehgion hold out to the savages as beings who are endowed with 
some divine and magical power. This absUi-d religion prevails 
among the ignorant nations of Soudan, and Guinea, and among a 
variety of other savages. The ox Apis, and the dog Anubis, were 
the great fetiches of the ancient Egyptians ; but they had many 
others, iucluding the ichneumon, cat, leek, oiiion, etc. The worship 
of fetiches is only one of many customs which connect the modem 
Africans with the ancient Egyptians. The black stone worshipped 
at Mecca before Mohammed, was undoubtedly a fetich. Ridiculotis 
and debasing as the worship of such deities certainly is, the worship 
of such horrid characters as the Moloch of the Canaanites, PhenicianS, 
and Carthaginians, and the Jupiter of the Greeks and Romans, WJB 
'3qually absurd, and still more ijernicioiis in its etFects. 

Sabeism, or the worship of the heavenly bodies — the sun, moon, 
and stars — ^is essentially letichism, but a less degrading form of it. 
This very ancient system spread over the whole extent of the globtt ; 
and was blended with all the other systems of superstition. But it 
no longer exists entirely pure, except among some insulated tribes. 
It has the name from the Sabeans or Sabians, an ancient people <Jf 
Arabia. The worship of Baal and Ashtaroth, so often mentioned 
in the Bible, was of this kind, Baal being the sun, and Ashtaroth 
the moon. The Greeks called the former Apollo and Phoebus, and 
the latter Artemis, Phoebe, and Hecate,* The worship of Baal passiM. 
into Gaul by means of the Carthaginians, whence it passed into 
l^ritain and Ireland. In all these countries, its ministers weire terriliid 
druids ; and the great festival of Beal-tain, (Baal's fire,) is still 6V 
served in some parts of the Scottish highlanci, though the systeni 
of Druidism fell into general disuse in the beginning of the sidcond 
century^ when Trenmor, the first Gaehc king of the .country, sup- 
pressed the druids. The Romans had previously abolished £he order 
m south Britain and in Gaul. The human sacrifices common among 
the druids demanded such a step. 

. All the polytheism of the world arose from two sources — ^ihe 
deification of men, and the worship of external objects. In the cM 
rf several deities, the two seem to have been blended ; a real htutialt 
ciharactei^ Wfis taken as the representative of worxA natural objMi ^ 

* The J9uma of ihA BMx^tts. 
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power, and endowed with corresponding fictitious attributes. Thus, 
the Hephaistos of the Greeks, and the Vulcanus of the Romans, 
was probably the Tuhal-Cain mentioned in the fourth chapter of 
Genesis as " an instructor of every artificer in brass and iron" — ^in 
other words, the inventor of the arts of preparing and working 
metals. Traditional accounts of him were preserved ; and he was 
taken as the representative of the principle of fire or. heat, on which 
the metallurgic arts depend. The very name Vul-can is not improb- 
ably an abridgment of Tu-bal-cain, Of external objects, the sun 
would attract pre-eminent attention : and when mankind abandoned 
themselves chiefly to the gratification of their senses, and p^d little 
serious regard to the real cause of the phenomena of nature, the 
invisible God was forgotten ; and it followed almost as a matter of 
course that the all-resplendent sun, on whose movements depend day 
and night, summer and winter, should be \iewed as the great ruler 
of nature. Hence, the worship of the sun has been so general 
among pagan nations, from the eariiest times. It has been foimd 
throughout the world, all round from Ireland to Peru, where it con- 
stitutJed the religion of the Incas. It was also the religion of the 
Aztecs, in Mexico, where 20,000 human victims were offered to the 
sun every year. 

The respect due to ancestors and to public benefactors was the 
other most prolific source of polytheism ; and the hundreds of mil- 
hons of China, at this day, worship no other god with any degree of 
fervor except their ancestors. 

It is remarkable that the Mongol race, and the American Indians, 
preserved the knowledge of the true God better than any other 
people, except the Hebrews, whose worehip was kept pure by pecu- 
liar dispensations. This fixity of character in the Mongol and Amer- 
ican races — ^which also exhibits itself in many other things — would 
lead to the inference that they are of the race of Shem— rwhose 
known descendants exhibit an incapacity for speculation or invention, 
and an attachment to one unerring course of conduct, and to ancient 
beUef and usages — ^rather than to the inventive, speculative, novelty- 
loving sons of Japhet, who introduce a new mode of dress every 
month, while the sons of Ishmael dress and live at this day precisely 
as did their ancestor nearly 4,000 years ago. How far the Mongol 
languages confirm or refute such an inference, we cannot say : but 
we beheve a comparison of these and of other traits would settle 
the question. 

Polytheism seems to have been often little influenced by philo^ 
sophical speculation. It was much older in point of time, and in 
many cases, too firmly rooted in the customs and affections of its 
votaries to be influenced by philosophy, when it appeared. The 
b/^ and beautiful views of Socrat^ \saA ivo \&&\\&Ti<^ q;^^^^ oh thA 
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enltivated Athenians, who listened with pleasure to the scurrility 
with which Aristophanes attacked the philosopher, the greatest of 
the Orecian race. The worship of Bacchus and Venus was much 
more to their taste than one less sensual and more rational. Here 
lies the secret of the strength of polytheism : it was, in fact, made by 
mankind according to the desires of their own darkened and debased 
minds. Some would have us think, indeed, that the ancients gener- 
ally attached an allegorical meaning to their worship ; but of this 
tkere is not a shadow of proof, so far as the great majority are con- 
cerned, while there are innumerable proofe of the contrary. We 
need not wonder that Greeks, brought up in heathen darkness, should 
approve of their own superstitions and abominations, when Gibbon, 
tiie historian, a man brought up in Christian society, could delib- 
erately and publicly call the disgusting compound of puerility, cru- 
elty, and gross sensuality, which constituted their religion, "the 
elegant mythology of the Greeks," and this while he thoroughly 
knew its real character, which school-boys generally do not. 

The worship of national heroes modified the polytheism of the 
Greeks and Romans. Veneration for the dead — a natural sentiment — 
mingled with all religions ; and of some, it seems to have formed the 
chief pju^ as was the case with the Caledonians, in the times of 
Ossian. The Syrians, the Chaldeans, and the Phenicians, appear to 
have made the heavenly bodies the objects of their especial worship. 

In the rehgion of the Brahmins, Brahm, or the supreme being, is 
supposed to have created three great deities, Brahma, the creator of 
the universe, Vishnu^ the preserver, and Sheeva, the destroyer. This 
IS, apparently, a speculative system. As Brahm and Brahma are 
not now supposed to interfere with human affairs, Kttle attention is 
paid to them. Vishnu is said to have become incarnate nine times. 
The tenth incarnation is yet to occur, when he will appear on a white 
horse, with a flaming sword, to take vengeance on the wicked. The 
celebrated Juggernaut is one of the supposed incarnations of Vishnu. 
As he acts only occasionally, he is not so generally worshipped by 
many of the Hindoos, as Sheeva, the destroyer, terror being a greater 
element in their worship than affection. The ancient religion of the 
whole Indo-Atlantic race appears to have been essentially the same. 
There was an original creator, who, however, seemed to interfere ht- 
tle with the universe, which was chiefly influenced by the conflicting 
operations of the good and the evil principle. The Ormuzdy or 
Oronuistes, of the Magians, and the Biel-bog, or white god, of the 
Sarmatians, or Slavons, were only modifications of Vishnu ; and the 
Akriman of the former, and Czemo-hog of the latter, corresponded 
to Sheeva, or the Devil. 

Shamanism, the religion of the Thibetans, aomok ol ^^Q)\>KW556fc. «a^ 
iiieheatben Tartars, appears to have mudiVn.eomTJiCkTiN^^iSDL'^^^^ 
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minical system ; but we have little reliable information oonCerhing'ii 
Several of the Tartars, however, undoubtedly pay homage chiefly to 
the evil deity, alleging as a reason, that the good does not require to 
be propitiated. Many of the Indo- Atlantic race, in the course of 
time, adopted the religion of other nations, with whom they associa- 
ted. Thus, the Greeks adopted much from the Phenicians and 
Egyptians, from wKom, indeed, the Ionic Greeks seem to have 
been partly descended. The Greek reUgion was afterwards largely 
adopted by the Romans, who had previously borrowed much from 
the Etruscans. The Celts and Belgae adopted the Phenician religion 
from the Carthaginians, and introduced it into the British Isles. 

Buddhism is only a modification of Brahminism, which prevails in 
southern and further India, China, and Japan. But it rejects castes, 
and many of the cruel practices of the Brahmins. It maintains, in 
common with them, that the soul is an emanation frotn the deity, 
and will ultimately return to its origin, and cease to exist as a dis- 
tinct consciousness : but no soul will attain this supreme felicity of 
annihilation, till it has expiated any guilt it may have contracted, by 
inhabiting the body of some future person or animal, where it may 
suffer for its sins in the former state. Hence their aversion to IdD 
any animal. -A Hindoo would abhor killing a lame duck : for it 
might be the tabernacle of the soul of his grandmother. So it is 
affectionately sent to an hospital. Many of the views of the priests 
and learned among them, however, seem to have comparatively little 
influence on the masses of the people, whose worship is chiefly di- 
rected to inferior deities, whom they believe to influence their present 
circumstances. 

The polytheism of the more remote and less enlightened pagans, 
such as many of the Malaysians and Polynesians, seems to be a kind 
of hero-worship, which is generally as bloody and revolting as that 
of Moloch, although many of the usages of the Brahmins are 
equally abominable. True philanthropy rejoices at the dawn of a 
better day, when polytheism will be numbered with the things that 
were, and the nations will offer a pure and heart-felt homage to Je- 
hovah, and rejoice in the light of His countenance. 
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GOVERNMENT. 



§ L ^DKFINinONfl. 

GoTSRNHENT is the union of phpical force, established to caajixci 
civil society. The person or persons who exercise this force are callea 
the supreme power. This may be divided into different *branch^, A6 
the proposing^ the deliberating, the decreeing^ and the executive power, 
which may be divided into the administrative, the judicial and th^ 
military. These divisions are, in a great measure, arbitrary, and 
varied by the circumstances and characters of different nations. Th^ 
manner in which the supreme power is organized, subdivided, and 
concentrated, is called the form of government. 

Forms of society are innumerable ; but we shall point out thoid 
meet generally known, by advancing from the state of the greatort 
ipbjsicsd dissemination of powers, to those of greatest ooncentratian. 

§ n. — ^Description of the Various Forms op GovERKiOirr* 

Pure democracy exists in that state in which the supreme poW^ 
k vested in, and immediately exercised by the majority of the nation : X 
ihis form of government differs from the state of primitive civil toci- 
ety, in which all equally rule. 

Modified democracy is a state in which the supreme power is ex- 
ercised by a council immediately chosen by the people, revocable, and 
responsible to them. 

A representative democracy, is that state in which the supreme 
pdwer is exercised by magistrates, chosen from among the pBople 
whom they represent, but who, when chosen, are sovereign, and not 
responsible. This form is subdivided into a pure r^esentative 46- 
i&iod*acy, when the people themselves directly ehdose their repM^iH 
tiitives ; and into a representative electoral democracy, when thd fut^ 
]^^ choose electoral bodies, who dect representatives. 

Elective aristocracy is, when the people^ either mtedsKlt^V!<J^<S!t VS^ ' 
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the citizens, but from a certain class, determined by law. ElectiTa 
aristocracy is/ree, when the people have created the privil^ed class, 
when admission into that body is open to all citizens, and its mem- 
bers are amenable to the supreme power in the hands of the people. 
Pure elective aristocracy is, .when the people have chosen once for 
all as their plenipotentiary representatives, a body which govemSy 
and which is renewed without the concurrence of the people. 

Every form of government compounded of these which we have 
just named, is called an aristo-democracy. When the aristocratio 
party seem to predominate, we have a temperate aristocracy : when 
the democratic party prevail, we have a temperate democracy. 
Rome, after the expulsion of the Tarquins, was an hereditary oU- 
garchic, aristocracy which gradually changed into an aristo-democ- 
racy composed of all the other kinds. The patricians were the 
hereditary aristocratic body ; the senate an elective free aristocracy ; 
while the assembhes of the people represented the democracy. 

A democratic moruirchy is a democracy in which the supreme 
power is partly exercised by an individual and partly by a demo* 
cratic body. As the supreme power may be variously divided, it is 
impossible to ascertain the number of the different kinds of demo- 
cratical monarchies. It may be hereditary, when a nation has chosen 
a certain family, or elective, when, at each vacancy, a monarch is 
chosen. The right of election may be vested in the people, in an 
electoral body, or in a single elector. These variations are common 
to other kinds of monarchy. The legislative power may be divided 
between the commissioners of the people, and the monarch, or it 
may belong to the former only. The judicial and military powers 
may be dependent upon the monarch, or upon the body of the 
nation. The democratic body itself, may be chosen without or with 
the concurrence of the monarch. 

Aristocratic momirchy is a state in which the supreme power is 
jointly shared by the monarch and the aristocracy. This Jatter 
body may be a free, elective aristocracy, when an assembly of repre- 
sentatives, chosen by the people, form the council of the monarch, 
or an elective hereditary aristocracy, chosen by the people, or by 
be monarch, or by both conjointly ; or, lastly, it may be a pure and 
perpetual aristocracy, independent ahke of the people or of the 
sovereign. Such were the nobility in most of the European states 
before the present epoch. 

The aristo-democratic monarchy is a government composed of a 
monarch, of an aristocratic body, and a democratic body. By a 
mixed government is generally understood a monarchy of this de- 
scription. The combinations of this form are so multiplied that it 
is inipossible to class them. 
A pure or absolute monarchy la 8^ cX&\^ \fiL'v[\^\itk^ au^ieme 
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power is entirely confided to one individual, or in other words, a 
state in which the majority of the nation is represented by a single 
indiyiduaL Absolute monarchy differs jfrom despotism, in this, that 
the monarch holds his power of the nation, either by expressed or 
tacit consent. The despot, on the contrary, pretends to hold his 
power from God, or rather from his own sword. The dictatorship 
in the Roman republic was a kind of absolute monarchy, elective 
and temporary. 

The word anarchy literally means the absence of a government. 
Taking the word government in its true and literal signification, it 
is evident that anarchy may arise in two ways : — 1st, from the non- 
existence of any supreme power in civil society ; 2d, from the pre- 
ponderance of unconstitutional power, exercised in an arbitrary 
manner and without the form of government. Anarchy may be 
modified in a thousand ways. 

Ochlocracij, or popular anarchy, takes place when a mob or 
a multitude unlawfully usurps supreme power. According to this 
definition, even the majority, when they are not legally constituted 
sovereign, can exercise only anarchical power. 

Oligarchy occurs when a small number of individuals or families 
exercise the supreme power, without having been chosen by the 
constitutional sovereign. 

Demagogy is, when one or several individuals, without legal ap- 
pointment, lead and manage the people at their will, actually 
exercising the power which they seem to leave in the hands of the 
multitude.* 

The word tyrant signified originally chief or monarch. Virgil 
employs it more than once in this honorable sense : but it was after- 
wards limited to denote him who, in a republic, had usurped the 
power of an absolute monarch. This is the ordinary sense of the 
term in the Greek and Roman authors. The moderns use the term 
to express violent and cruel abuses of authority, in all kinds of 
government. 

Despotism has been confounded, sometimes with tyranny, some- 
times with absolute monarchy. Despotism is absolute power, which 
is not derived from a lawful source, and which, consequently, admits 
of no hmitations. The despot pretends to be the master of his subjects, 
and of his country, just as a private person is proprietor of his estate, 
or his cattle. Despotism is not necessarily tyrannical, or cruel, or 
violent ; it is not absolutely incompatible with some administrative 
forms, and some institutions, which properly belong to regular states, 
or even republics. 

It would be improper to class with these forms of government, or 
of aaarchy, created by man, the singular statQ tfctraftd TKfcQct<j»|^ 
•It k,^ 8sjr the theologians, ** a goyeimsafixiX. VM&^XsiXftAL'^l C^^^^csss*!"^ 
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•el( in which the magistntes govern in the name of God." Sndh 
was the constitution of the Jewish people. With them, theocarae^ 
was first united with democracy, and then with monarchy The 
Popes, in the dark and middle ages, attempted to establish a theoo- 
rac y u pon a great scale. 

We have still to notice federal systems, which are the union of 
several independent states under a superior authority, chosen by 
tJieraselves, and which are invested with powers more or lees exten- 
nve, to maintain mutual order, and to furnish the means of defence 

Xinst external enemies. We may term a confederation of which 
the constituent members are on a footing of equality, a demo- 
cratic confederacy. Such is that of the United States, ^fjre have 
been, however, confederations with a chief or presiding power. The 
Germanic Empire, which existed prior to the French revolution, was 
of this nature. Confederations sometimes have subjects in commcnu 
The Swiss had several districts in this manner. 



§ in. — Origin op the Varioits Classes op Sociktt. 

In the most savage state, insulated man procures directly for him- 
self the little which is necessary to supply lus wants, or to gratify his 
wishes. As soon as femilies begin to draw near each other, they 
unite together for accomplishing their common labors ; but when the 
number of &milies augments, the society becoming larger and more 
powerful, has recourse to the division of labor. The different pro- 
ducts of each branch of industry are then reciprocally changed. 
These exchanges being not without inconvenience, means are sought 
out to give them facility and despatch. Some measure^ to ascertain 
the comparative values of the different commodities, is adopted ; 
either some article in general request, as com, or cattle, or some re- 
puted precious substance, such as gold and silver. This token of 
general barter or exchange, by which the value of any article is de- 
cided upon, constitutes money. The productions become merchan- 
dise; and instead of being bartered^ they* are purchased. Some 
sagacious observers now begin to perceive that gain is to be made by 
buying and selling. They become intermediate agents between the 
consumers of produce, and those who raise it, or work it : and here 
begins the first rude attempts at commerce. Ere long, the adminis- 
tration of the affairs, and the defence of the territories, of the state, 
become functions too laborious and too comphcated to be gratuitously 
discharged : the functionaries, therefore, receive a salary, and instead 
of warriors, we have soldiers, who, when they are obtained from a 
foreign soil, and hired for a certain period, are called mercenaries^ 
because thej £ght under {ore\g;ii \>2ai£L<^i& W -tuQ^oiis^* k^^So^taiiui 
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tane^ every inch of ground wonld receive its master. Property rf 
•very kind, after having passed from one hand to another — chabce 
fevoring some individuals, and address serving others — ^would at lalst 
become fixed and settled. Those who had been unfortunate, or 
unskilful, finding the impossibihty of producing anything on their oWn 
account, would let out their strength or dexterity to others. 
From society, thus at last constituted, various classes originate. 



§ rV. — ^Description op the Various Classes. 

The productive class comprehends all those who draw from the 
earth, or from the other elements, any productions useful to society, 
such as cultivators of the soil, fishermen, miners, <fec., <fec. In civil- 
ised states, there exists one productive class of a peculiar kind. The 
man of science^ who enlarges the empire of knowledge ; and the 
man of letters, who purifies the taste, or refines the sentiments, or 
elevates the morals and manners of the age, equally contribute to 
the production of true national riches, of inestimable price, and perpet- 
ual duration ; and the services of the minister of religion, which 
produce steady and industrious habits, are still more valuable. 

The operative class consists of those who, by various prociesses, 
convert raw materials into artificial produce. When such processes 
eminently require genius and taste, they obtain the name of the Jtii^ 
arts. When they chiefly demand corporal strength and dexterity, 
they are Called the mechanic arts. A manufactory is an establish- 
ment where an art is conducted on a large scale. 

The commercial class is composed of merchants, properly so termed, 
who buy and sell, either on a small or large scale, the productions of 
nature and of art— of diflerent kinds of correspondents, or agents, 
wha facilitate the execution of purchases and sales — of hankers, and 
brokers, who confine their operations to the representative signs of 
merchandise, or bills and specie — and lastly, of mariners, or sailors, 
and carriers, in so far as these are proprietors of their means of con- 
veyance, and do not come to be ranked under the class of metcena- 
ries. 

We include in one class the public functionaries and officers of 
sea and land forces : as they are equally invested with a greater or 
less proportion of the force of the state, they are equally Ae agents 
of the supreme power. 

The last class comprehends the mercenaries of every kind, whd 
let out their labor to private persons, or chiefly to the community^. 
It is composed of laborers and domestics. This last class is not so 
niunerous, except in those states whieTe loxxjirj y^«s«^. 

The numericM. proportion in wTaidx ftieaft ds£afi& «Kfe \si^'''5frSiK^''2^ 



state, is one of tlie most interesting questions of statistacs. 

ing to that proportion, we are to decide wlietlior a nation is ti 

denominated agi'lcultural, luaniifiictuiing, or commercial. 

Claeses have their foundation in tlie very nature of sode^ it 
but eaatei and orilers are created by laws and constatutions. 



§ V. — CAHTiia AND Okders, 

Sy the word caste is understood an hereditaiy class, exdu^rd 
BSsizned to one species of occupation. 'This system of diviMon a 
isted in Persia, Awhia Felix, and Egypt, and still exists in Int'' 
It is sometimes accounted for by referring to the original di&re 
of the primitive tribes whoso union formed tlie nation. But in i 
and cases their origin seems to have been different The csate i 
priests, and that of warriors, in .E^Jpt, may have been two < 
somewhat oi5:aniited and disciplined, which had reduced to a. stalS' 
of Hubjection several tribes of busb^dmen and shepherds; the 
conqueror disdained to intermingle witli the vanquished; and tJie 
laws afterwards sanctioned and perpetuated a system of separatioB 
which aoddent had orijrinally eatahhshod. Yet tlie perfect aim!" " "~ 
of all the castes, and the unity obset4-able throughout the n 
rather indicate a difl'erent origin. 

The pohtical ordera of the states of Europe differ essentially 6 
the castes, in this — that they have no occupation which is exclu ' 
reserved for them ; or if lliey have it, like the clergy, it i 
hereditary. 

In the middle ages, when the armies consisted of cavalry, fl 
oi-der of the nobility pju'took ranch of the nature of a caste. 

The nobles are now merely an older of the state. The citi^ 
commonaHy, or third order, and tlie peasants or laboring, agriculto 
ing class, form, in some states, orders recognized by the constitutioiif* ■ 
In Sweden the order of peasants possess much influence. The same 
was the case in Tyrol, before the French revolution. There are stall, 
however, some countrieii, particularly Russia, where the husbandman 
are Babject«d to the yoke of personal slavery, and form a real caste, 
condemned to a state of abject and perpetual di^radatitMi, to be sold 
like cattle with the l»nd,\and called *«/s. They are smd by the 
enlightened observere who have written concerning them, and wit- 
nessed their estate, to be but a remoi'e higher than the brute a 
tJon, and governed by mere despotic force. 

In despotic states, as in Turkey and China, there are no o) 
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§ VI. — Density of Population. 

The more a mass is concentrated, pro\ided it has a fi-ee space 
sufficient to move in, the more energy it will acquire. A small pop- 
ulous country, therefore, is in proportion more i)owerful than a state 
of vast extent thinly j^opled. A country is looked upon jis popu- 
lous when it contains 100 inhabitants to the square mile. England 
is peopled at the rate of 275, and Ireland has 260 to the square 
mile ; but Scotland presents a less favorable proportion, being only 
about 90. 

The Island of Malta is probably the most thickly peopled country 
in Europe. It had more than 600 souls to the square mile. But 
these are to be regai'ded only as rare local exceptions. It is common 
enough to find in European Russia, governments which have not 
more than 20, or even 10 inhabitants to each square mile. Belgium 
appears to be the most densely peopled country, of any extent, in 
the world : it has 364 inhabitants to the square mile. 

The number of inhabitants is the foundation of every good sys- 
tem of finance; the more individuals a country contains, provided 
they have the means of subsistence, the greater progress wiU com- 
merce and manufactures make, and, consequently, the greater the 
mcrease of the revenues. The number of inhabitants ought equally 
to determine the number of the troops. It is computed that the 
number of men capable of bearing arms, form about one-fourth part 
of the whole population. 

The greatest efibrt, however, that a civilized state can make, in 
case of extreme necessity, is to arm the eighth part of its population. 
No example, even of this, has occmTed in modern history. 



§ Vn. — National Debts. 

The pohcy of contracting public debts is good or bad, according 
to circumstances. In general it is not desirable for a government^ 
any more than for an individual, to be in debt : and yet some cases 
will justify a nation in drawing on its future resources. In pressing 
emergencies, taxation will not be adequate to the necessary expendi- 
tures ; and, even if it were, it would be better perhaps to distribute a 
part of the burden through many successive years, by means of 
loans, because the suddenly lev3ring of an immense tax might check 
thev productive faculties of the people ; and no wrong is done to pos- 
terity by this, where the object of the expenditure usually creates 
demand for an increased quantity of the products of the counfcpf ^ 
and thus stimulates industry. If , foi exa3CW^\<^,^<^^w«Kasi8ss&»^^ 
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a large army to luaiutain on its owii territory, and the products of 
the country can supply it with arms, clothing, food, and all other 
articles, the army will be a stimulus to all kinds of indastry con- 
cerned in affording its supplies. It may even happen that the 
very burden, or what seems to be one, will enable the people in 
general to be better clothed, fed, and lodged, since the means of a 
people, to produce the luxuries and comforts of hfe, depend very 
materially upon the facility and rapidity of exchanges of products 
of different sorts of labor, and great public expenditure often creates 
a market by inci'easing consumption, and thus stimulating industry. 
But, if the exj^enditure employs only the industiy of a foreign 
country, or if an army is to be maintained abroad by the supply of 
articles wholly the product of foreign industry, there is no such 
compensation for the burden of the tax. Another advantage of 
public debts is their affording a means of investment, and thus en- 
couraging the accumulation of property. Lands, houses, banfaj, 
canals, mines, and all other sjK^cies of j)ermanent property, afford a 
stimulus to industry and economy, as they offer the means of en- 
joying permanently the fruits of acquisitions : and public stxxjks have 
file same effect. Another effect of public debt is its attaching thfe 
pubhc creditors to the government, liut before their number cdh 
we sufficiently large to make their aid important to the go\'emmenl, 
the national debt must probably be increjised by an amoimt that will 
^ender it burdensome. Amonor the disadvantitores avisins: from the 
mcility of contracting permanent public debt^, one is the faciUty which 
it gives for the carrying on of wars and the indulging in other ei- 
penditures. And upon the whole, we may lay it doAvn as a sound 
rule both of pohcy and morality, that distant generations should hot 
be left to pay for the extravagance or the follies of the present. 

The wars of Europe, since the public debt of Great Britain com- 
menced under William III., arc mainly attributable to this cause. 
Another disadvantage is the burdensome taxes to which the neces- 
sity of paying such a debt may subject the peoj)le. This is the 
operation of the national debt of Great Britain at the present time. 
It is impossible to prevent the burden of taxation from ialling, directly 
or indirectly, in a very great degree, upon the laboring classes ; and 
in Great Britain this has become so heavv to the mere laborer, who 
has no capital, that his wages will but just support, or will not sup- 
port, himself and his family in the clieapest manner of living ; and 
his life becomes one desperate struggle against want and starvation. 
At the present time, about three fifths of the whole annual revenue 
goes to pay the interest of the national debt. Another most disas- 
trous result of a national debt is, that it fonns a vortex for gathering 
the property of a nation into a few hands, adding to the incomes of 
ibosQ who have abeady more thtoi enorv^^ «kv^ i^^^^to^^ ^^isliA 
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of &e tniddle and lower dasses pennanently smaller. For a great 
part of the money raised off the mass of the nation, to pay the in- 
terest to the wealthy capitalist, never finds its way back, except in 
the shsupQ of principal, lent to draw in still more interest. 



§ Vin. — Origin of Standing Forces. 

An armed force, naval and military, is unfortunately, but neces- 
sarily, an object of the first importance to every government. 
8avage tribes, and even half-civiUzed nations, are accustomed to 
march sgainst their enemies, all the males fit to cany arms ; and in 
Bome savage nations even part of the females accompany their hus- 
bands and brothers, not only to carry the provisions, but to fight, as 
is often the case with the Cumanche Indians. Fishing and hunting 
are occupations which savages carry along with them; and the 
women left at home may be sufficient for the employmenta of agri- 
culture and the tending of cattle. But as soon as labor is multi- 
plied, and consequently divided, that is, as soon as the agricultural, 
manufacturing, and commercial classes, have each a separate exist- 
ence and place in society, it is impossible to arm and bring into the 
field the entire mass of a nation, without completely suspending the 
exercise of those trades and occupations on which its subsistence 
di^nds. It therefore becomes necessary to form a class exclusively 
devoted to the trade of war. Such was, in the middle ages, the 
design of the order of the nobility and of chivalry. But the inven- 
tion of gunpowder and artillery, the introduction of a new systeih 
of fortification, aud the perfection to which tactics have been brought, 
have converted the former simple and almost mechanical art of war 
into a profound and extensive science, to the study of which many 
years must be devoted. This consideration, strengthened by motives 
ai ambition and policy, gradually paved the way for the establish- 
ment of standing armies. The European powers have had, for more 
than a century, a certain number of troops in a state of perfect dis- 
cipline and equipment, ready to march at one moment's warning. 
In supporting these troops, one third, and ofken one hal^ oi the 
public revenue is often consumed. 



§ IX. — Standing Army, or Land Forok. 

A standing army, or land force, is composed of four principal partsj 
with their divisions, viz. : the infantry^ or combatants on foot ; th^ 
eavcdry^ or oombatants oft horseback ; the artiUer'^^ ^baisy^ '^^tevifciRk 
H k to work those engines of destruc&oii) oii ^<^ ^^k^&q^t&sbsas^ 
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meat of wliict the sncceaa of the battle often depends ; 
m^intern, who conduct tte defence and attack of-fortified pis 

Beside* the minj, every country where dvilization 
poflseased of a collection of ships liUed witU armed men, and 
a nafy, or niitrinu nrniy, fur the deience of their coasts tind tc 
nnd the attack of their enemies on the sea. 

Id the hiatory of armies, we can distinguish those of three 
ent iwrioda : first, the ancient armies, which arrived at their 
tion under the Komans ; second, those of the middle agai, ] 
spring of the feudal system, ill-organized hodies, created only 

- uiort lime, and undoubtedly the worst that history makes ' 

UB ; third, modern armies, or such as have existed 
tion of gunpowder, 

Aa long as personal strength, courage, and dexterity decided 
&te of a, battle, war had great charma for characters m high station. 
At that period, acienee had not become incorporated with the veiy 
life-blood of society ; and the want of intellectual occupation coo- 
tributed ite share in making war a favorite pursuit with the faigh«b 
classes. They fought mailed ip thick armor from head to 
bearing heavy shields or buckleA on their left arm, to ward off 
blows of their antagonists. They were equipped and 
at their own expense, and were accompanied by armor bearers 
take care of this appurtenance. Under such circumstancee, the 
(^ war could never attain to perfection of a high d^^e, 
the oiganiaation of an army bo very complete. 

Tlie toumamenU, or tilling malche» of the middle sj 
used to be attended by the flower of chivahry, were estaWished '1^ 
certain monareha for the purpose of keeping ahve the military p-ow- 
ess of their nobles during peace, and exerdse fheir skill by a species 
of military game, which, while it served to amuse the court, 
supposed to be valuable in its influence. 

It was not till the wars between France I., and Charles V. 
tlie great importance of a regular infantry could be seen, and 
Swiss, then the best foot soldiers in Europe, often determined ^ba 
battle. The introduction of fire-arms had destroyed the ambition 
of the nobles for distinguishing themselves, for war wsa soon redw 
to a system ; the estimation of iniantry constantly increased; voh 
teers became more rare ; and the advantages of regular tactics ' 
to be felt, by whicli generals were enabled to direct the 
of armies with greater exactness. 

It became necessary to take mercenaries from the lowest cli 
of the people, and as military tactics, at the same time, reduced 
art of war to a science, it required a more thorough and 
Tb6 individual «ad. hia ytrewa vaa lost ir tbe 
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fegnlarly trained and disciplined officers ; and standing armies were 
at lengm established, ind rose continually in estimation. 

Successive monarchs did much to improve and elevate the art of 
war, among whom were Henry IV., of France, and particularly 
Gustavus Adolphus, king of Sweden, who established smaller divis- 
ions, introduced lighter weapons, and made many improvements in 
artillery, by which quicker, and more complicated movements became 
practicable. Repeated victories proved the advantages of this new 
system, which even his celebrated opponent, Wallenstein, acknowl- 
edged. In the time of Louis XIV., the whole system received another 
form, under liis minister of war, Le Tellier, and his son and suc- 
cessor Louvoiri, tactics being particularly improved by Turenne,.and 
other contemporary generals. Standing armies attained at this pe- 
riod, an extent hitherto unexampled. Instead of 14,000 men, which 
was the extent of Henry IV.'s standing army, Louis XIV. brought 
140,000 men hito the field 

France having set the example, all the powers' of Europe followed 
it, except England and Holland, who for a long time opposed the 
principle of increase to the army, 'regarding standing armies danger- 
ous to freedom. A continually increasing scale measured its numbers, 
while France continually secured her boundaries by fortifications. 
Prussia particularly came forward under William I., and supported 
an army far exceeding the proportion of Ker population ; whence she 
was induced to set the example of foreign levies. In this originated 
a difficulty hard to obviate, in the hour of danger ; a large portion 
of the army could not be depended upon, and it was found almost 
impossible to maintain discipline over this portion, consisting of the 
refuse of foreign nations. The native soldiers, also, were corrupted 
by the association, and it was found necessary to reduce the army 
to a machine, in order to make such materials serviceable. This 
idea was put into execution by Frederic 11. The system of standing 
troops was carried to such an extent as it had never reached before, 
and Prussian tactics became a pattern for all the other states of 
Europe. This system, however, had fatal imperfections. The great 
number of foreign vagabonds enlisted, led to the introduction of a 
degrading discipline, which made the condition of the soldiery com- 
pletely miserable. Every prospect of advancement, and all ambition 
was destroyed, by the exclusive promotion of officers taken from the 
ranks of the nobility, and even their promotion was determined by 
the length of service. This system seemed to be carried to its height 
when the French revolution broke out, which shook Europe to the 
foundation. 

Standing armies had now become bodies having little connection 
with the nations by which they were maintained. The mercenwnfijk 
alone were armed ; the nation had \)ecom^ «3LU>^'i^«t ^^\^\i$a^«»» 
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At tlie sanio Hvav, ttiQ itnaiea had become so muoh enlarged, Iwyos 

the proportiotiate wealtli of thu states, iJiat tliey were in a gn 
measure useleea. Tlicv Lail become tuore machines, without t 
slightest moTai incentive. The consequeuce was, that when tiw b 
ing and mad fury of the Fccuuh populace boearae excited agi ' ' 
government., (and conaequeutly agmnst its unwieldy and i 
gines,) a new mode of carrying on war, — produced by the e: 
of drcumstances, and by tlio nvpid, bold, and energetic e 
Napoleon — overturned multitudi* of common and eatabUdiod ft 
and carried victory in its train, unti 1 the opposing powers had Is 
to make it tbeir model, and tiiereby restored the eqiuli' 
When Napoleon ultimately began to use his army more and s 
a machine, for the promotion of his ambitious designs, th 
other European powers, taught by 'experience, called the i 
themRelves to arras, in behalf of freedom ; and it was demoni 
anew, that no excellence of disciphne, no mechanical pcrfectioa a 
Wioy, can enable it to withetand, for any length of tune, mental 
ergy and excitement, though connected with tax inferior discipline. 

The armies on the continent of Europe, are generally raised at 
present irom among the dtizena, who are bound to serve for some 
time, and are then assigned to the cla^ reserved for some sudden 
emergency. The time ol service varica from three or four, to aix or 
sevon years. In the United Sbttea, no citizen is obliged to serve ia 
^e standing army, hut only in the militia, which is destined merely 
for the defence of the country ; and even this he can often avoid \^ 
paying a small commutation. The uigauization of annies is neari ' 
alike throughout Europe ; aud all the great powers have paid mOQ 
attention t« the [perfection of all elates of troops. 

The military schools of all these countries for the officers of d 
ent ranlt, aa well as for the various kinds of troops, particularly fl 
of France and Prussia, are excellent. Among tiie Prus^aD tro 
leami(yj_» s^ juiiversally cultivated that the army is considered affl 
great institution li^r the dilfti^ion of knowledge, because every PrtH 
sian serves wilhou^ being allowed to send a substitute ; and in each 
r^ment, schools arts kept for the privates. Witli respect to internal 
oi^anization, the armils of the European continent surpass the Brit- 
ish, in which the practi^ of selling commissions, the expense of the 
half-pay system, and the wou-promotion of privates, remind us of the 
contineTita] armicK, such a^they were sixty years ago. In the army 
of Qie United States, comi^issions are not sold ; and the half-pay 
systfjH has nut been adopted. The artillery branch of its army « 
the most efficient in the wocld,; and the cavalrj- and infantry ti ""^ 
are on tJie most approved plan. 
In modera times, we designate by ijo name of standing ai 
bodies of troops, which, in time ot ^ate,raaVe-5\,-v»iietsHTOs.%«q 
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^{^nee of the etate, within and without, trained to war, and paid liv 
the government ; whence the name of soldiers, from soUdus, (Ital- 
ian soldo,) a shilling, which was tlieir daily pay. These troope may 
be composed of persons obliged to bear arms or not, of natives, or 
of foreigners. In this sense of the word, we find standing armies 
first in the monarchies of modern times, when the general introduc- 
tion of fire-arms had changed tlie whole art of war, rendering per- 
sonal courage: of less consequence, and supplying its place with dex- 
terity and mechanical skill, which can only be acquired through 
practice. 

The first standing army consisted of mercenaries, assisted at first 
by the feudal mihtia, who gradually disappeared, as military service 
and discipline assumed a more systematic character by means of 
standing troops. 

The introduction of standing armies has been generally referred to 
the reign of Charles VII., king of France, who, by means of them, 
overawed his rebellious vassals, and increased not a little the power 
of the crown. 

King Philip Augustus, in consequence of the absence of great 
numbers of his vassals in the crusades, had introduced, as early as 
I2I6, the " district levies," composed of the inhabitants of the cities 
and villages, of which no city furnished naoro than four hundred or 
£ye hundred. These served with the feudal militia, at the expense 
of the cities to which they belonged, and only at a certain distance 
firom them. The power of the cities was thus increased, and the 
citizens formed in war a separate order, independent of the nobles. 
It was, in a great measure, owing to this cause, that they came to 
form a third estate in the administration of government. 

These troops of Philip and his succeasors, consisted of feudal 
naihtia, of the " district levies," and of irregular troops, who were 
taken into pay, (whence the name soldats^ or soldiers,) and formed 
into companies. The imperfection of the first class, who often made 
war on each other, and paid httle regard to the pubUc summons, 
and the rapine of the other, led Charles V. of France, to meditate 
a change, and Charles VII., to establish a better military system. 
After long consultation with the nobles, he laid the foundation, in 
1445, by selecting fifteen captains, whom he ordered to choose the 
bravest men fi-om the troops, and form them into as many compa- 
nies. These were maintained, in war and peace, by the cities and 
villages. Henceforward the feudal militia fell more and more into 
disrepute, and the vassals assembled their forces only on occasions of 
great emergency. The feudal militia, however, was not wholly sup- 
planted by mercenaries, until the eighteenth century. In 1448, 
vharles established a corresponding infantry, called Free Arch^x^^ 
wbichy in coiyuflctioii with tiie troo]pa '^v^\. ^<5SMSC^Vift^ ^jsso^otejfc^.^ 
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very respectable armj'. The military system, thus establislied 
France, spread theiiee into tlie otlier countries of Eurojw. 

Wilii Uie progress of standing Rrmiea in Fraiioi, aud tbe 
of wealth, ttio stiiU'hDi; snnies of otht^r countries increased 
especially those of llollmid, England, and Germany. Whei 
increase arrived at its highest point, and the daeiriun of 
ahnost entirely dependent on iiuinhers, the duty of military 
was extended to all the dtizen^ and a Rystem of conscriptioa 
introduced, (adapted to the condition, population, and the necesa 
of a state,) by .which all tbe tntixens of a certiun age, capablt 
, bearing arms, were called uiwn to do military duW, for a longer or t, 
shorter period. In this way, standing armies and the militaiy, coO' 
eidered as a separate profession, were, to a great degree, abolished; 
and all the dtizena ahle to bear arras being disciplined for the pro- 
tection of their country, and obliged to act for its defence, the mun- 
ber of troops became proportional* to the natural resources of the 
states ; and military discipline became more liberal and honoratJe. 
Such has been the case, at least on the European continent, and the 
standing army is no longer the sole, and, with some govermnenfa, 
not even the chief military power. Malta Brun, in his geography, 
estimates the propottion in the pruidpal states of Europe ; but fet 
the reason given below, the estimate is imperfect. 

The European arinies have of kte been, and still are changing 
rapidly in numhere, that the proportion which that of every 
try hears to the whole population cannot be given witb any d(_ 
of accuracy. We can only say that, among the live great powt 
those of Prussia and Russia bear the largest proportion, and tliat of 
Britain bears the smallest proportion to the total population of the 
country. In the last country, there is about 1 soldier to every 300 
of the populatioa of the BritLih Isles, or 1 to every 1500 " ■""" 
whole empire. 

The United States of America have now on foot about 10, 
men, which is 1 to every 2100 of the population. The late 
with Mexico demonstralad the efficiency of their army in a ma 
which excited the surprise of the European powers ; and it pro' 
more clearly perhaps than it had ever been shown befi»e, that it" 
sliill, and mental energy and intelligence which makes the "^ 
warrior, and not mechanieaJ tactics or brute force. 






§ X. MiLlTIAH. 

A militia, (literally, soldiery,) in the modem adaptation 
word, is a body of armed citizens, regularly trained, fhongh not | 
aonstant servi'cj^, in time of \ieace, ani 'ikw^-g Jia'uKisgsSBRA 6 
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standing armies. It includes all classes of the citizens, (with certain 
exceptions,) who are drilled at particular periods, and liable to marcii, 
in cases of emergency, against the enemy. The regular organization 
of the militia distinguishes it from a general levy. The miUtia 
exists in diflSrent countries under different names. Thus, in France, 
it is cal/ed The Natuxnal Guards ; among us the Militia; and 
in Austria and Prussia, Landwehr^ or Defence of the Land. 

In the times of the feudal system, each nobleman was a mon- 
arch in miniature, and kept his own warriors in his castle or ter- 
ritory : the diflSculty of assembhng a general army was immense, 
and the rebeUious noblemen, at different periods, set royalty at 
defiance, defended their rights by means of their vassal warriors, 
and drawbridge castles, massively fortified, and occasionally menaced 
to overturn the government, and assert the rights of sovereigns in 
their own persons. The cities were, therefore, obliged to marshal in 
their own defence certain bodies of citizens, who were armed for the 
purpose of supporting the municipal and individual rights, and 
make head against opposing factions ; and thus out of these circum- 
stances, and a native republican spirit, first sprung the mihtia, for the 
defence of individual property and rights, from the inclusion of in- 
ternal enemies, as well as external foes. 

The army of Sweden was, at an early period, a kind of general 
mihtia. The army consisted of twenty-one regiments, of which each 
owner of landed property was bound to maintain one man. They 
assembled for three weeks every year, and had a general muster, 
and during this time, as well as in war, received fiill pay. This was 
the case in Prussia till very recently. The Danish army followed 
the same plan ; one third being enlisted foreigners, and two thirds 
native soldiers, who were supported by landholders, but were com- 
pelled to aid the latter, in the cultivation of their estates. In Ger- 
many similar plans were adopted. The privates and non-com- 
missioned officers of the militia followed their agricultural or me- 
chanical pursuits, and were generally under the command of 
ofiScers out of active service. They were only obliged to serve 
within the country. Frederick the Great of Prussia used them to 
garrison fortresses. The same was the case with the Austrian mili- 
tia. The bad organization, and unmiHtary spirit of these troops, 
made them at all times a butt for ridicule to the troops of the line. 
In some cases, it was even considered allowable by the laws of war, 
not to give them any quarter, when they were employed out of the 
limits of the country, and were taken prisoners. They became 
extinct almost everywhere on the European continent. Similar, but 
better organized, was the English mihtia. The origin of the Eng- 
lish mihtia is generally traced back to Alfred the Gie».t. T\ifc ^<s<\&sJw 
military teniir68 succeeded in that country •, OTi^,«\^Q>\^^'^''^ 
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•OQfd services required by this system degenerated by degrees mto 
pecuniaiy commutatioas, or aids, the defence of the kingdom was 
pro\nded for by laws requiring the general arming of the citizens; 
and lord lieutenants were appointed, in the reigns of Philip and 
Mary, for the purpose of keepiag the counties in military order. 

When Charles I., of England, issued, during his northern expedi- 
tions, commissions of Lieutenancy, and exerted certain military pow- 
ers, as the prerogative of the crown, it became a question in the 
Long Farhament^ how far the power over the militia did reside in the 
crown ; which ended by the two houses of Parliament taking the 
entire power into their own hands. After the restoration of Charles 
II., the mihtary tenures being abolished, the sole right of the crown 
to govern and command the militia, was acknowledged. 

With r^ard to the mihtia of the United States, it was provided 
by an act of Congress in 1792, that all able-bodied white male citi- 
zens between the ages of 18 and 45, excepting clergymen, officers 
of government, members of Congress, mariners in service, <kc^ Ac^ 
should be enrolled in the mihtia. The persons so enrolled, were to 
provide themselves with common arms of in&ntry, and with ball, 
cartridges, &;c^ at their own expense. These were arranged into 
brigades, regiments, companies. Sac, as the state legislatures might 
direct Each battalion was to have at least one company of grena- 
diers, light infantry, or riflemen ; and each division at least one com- 
pany of artillery. Proper ordnance and field artillery was to be 
provided by the government. The cavalry and artillery troops were 
to consist of volunteers from the militia at large, not exceeding one 
company to each regiment, and to equip themselves, with the excep- 
tion of the ordnance above-mentioned. The substance of these en- 
actments is still retained ; although many alteratioas have since been 
made. The present militia force of the United States is nearly two 
millions ; and the results of the late Mexican war prove that, not- 
withstanding the ridicule with which citizen soldiers have been some- 
times assailed in this country, as well as by tlie mercenaries of Euro- 
pean monarchs, an efiicient army can readily be levied from them, 
adequate to meet any emergency. It is to be hoped, however, that 
there may never be any occasion for their giving a practical exhibi- 
tion of their strength. 



§ XI. — ^Balance op Power. 

Among states, this is a principle of foreign pohcy intimately con- 
nected with the general peace and independence of nations, but 
which some have treated as chimerical, while others have represented 
it as baiiDg led only to permdoxja leiw^Xa. \N.S8^ xassi^ ^siacall^ a^- 
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mitted, however, to have a real foundation in the ruloe of interoouBe 
and union among states, and to have exercised a great influence on 
the affairs of modem Europe. Though the policy in question was 
not wholly unknown to other ages and countries, it was nowhere sys- 
tematically pursued hut among the European nations of modern 
times. 

Previous to the sixteenth century, there was httle political connec- 
tion among the European nations, their circumstances heing such as 
not to admit of any regulated attention to foreign affairs ; hut, about 
the commencement of that century, they began to form one grand 
community, or federal league, of which the actuating principle was 
the preservation of the b^ance of power. Attention to this princi- 
ple thenceforth influenced all the great wars and negotiations, and 
made every foreign movement, however remote, an object of interest, 
throughout every part of the system. 

The ultimate intention of the system founded on the balance of 
power is, to secure every state in the full possession and enjoyment 
of all its rights, by making its safety and independence objects of 
interest and guardianship to its neighbors. It endeavors to accom- 
jfliah this great end, by teaching that it is the interest of all states to 
check the first encroachments of ambition, to watch every movement 
of foreign powers, and to unite their respective forces in support of 
the weak against the strong. It is called the halancing system, 
because its aim is to prevent any .state from aggrandizing itself at 
the expense of its neighbors, and to counterpoise any state that may 
have become too powerful by a union of the forces of others ; and 
this union is recognized by the term allied powers. 

It has sometimes been supposed that its object was to equalize the 
powers of states composing a common system ; and as it is plainly 
impossible either to effect or to maintain such an equality, it has 
thence been concluded, that the whole system is f-^JMided upon a 
chimera. But, with a view to the real objects of it i,. question is 
not what amount of power above another any state posb 'ses, pro- 
vided the power so possessed be fairly acquired, but whether any 
state possesses its power in such circumstances as to enable it to 
trespass at pleasure on a weaker neighbor. If there be no other 
state or confederacy of states capable of counteracting any injurious 
designs which a greater power might undertake, then it is said there 
is no balance ; but, if there be such a counterpoise, this is all that 
the balancing system requires to produce what, in its language, is 
called an equilibrium. In order to make this point as clear as pos- 
sible, we beg leave to refer to the following definitions of the balance 
of power given by Vattel, and by Gentz. " By this balance," says 
the former, "is to be understood such a disposition of thm^ «&^3£i&» 
DO one potentate or state shall be able a\)ao\\i\j?\'^ \jc> ^"t^QscKSoa^ 
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and prescribe laws to the others." (Law of Nations, B. 3d, Chap. 
3d, § 47.) " What is usually termed balance of power,** says 
Gentz, "is that constitution subsisting among neighboring states, 
more or less connected vnth one another, by \drtue of which no one 
among them can injure the independence or essential rights of an- 
other, without meeting with effectual resistance on some side, and 
consequently exposing itself to danger." (Fragments on the Political 
Balance, chapter first.) 

Thus, then, it is distinctly understood, that the balancing system 
is not grounded upon an equality among states, in respect of power, 
but upon a union of powers to repress the enterprises of the strong 
and ambitious, and to counteract the effects of necessary individual 
inequahties by aggregate strength. It is quite indispensable to the 
existence of such a system, that one state should not be permitted 
to obtain such a superiority of power as to enable it to overawe all 
opposition, and make the safety of those around it dependent upon 
its will. And, as it is the disposition of all unchecked power td 
extend itself^ the balancing system inculcates it as the interest af 
well as the right of every state to join in opposing the first encroadll^ 
ments of any ambitious potentate or community. It teaches thai 
the danger extends much further than to the party immediately 
attacked or menaced ; that one encroachment will pave the way to 
another ; and that it is therefore wise to meet the danger while yet 
distant, and capable of being combated witli less peril or losd. 
The right of interference to put down a danger of this kind is, in 
fact, only a modification of the right to resist an immediate attack. 
All human ex})erience shows that the state which is suffered to 
aggrandize itself, at the expense of one neighbor, will, with its^ib- 
3reased means, acquire stronger dispositions to encroach much fuT>- 
ther; and therefore self-defence authorizes us to treat as an invader 
any potentate whose conduct entitles us to conclude that he onlv 
waits an op- -^rtuuity to become so in effect. " As long " says Bacon, 
" as mer i.co men, and as long as reason is reason, a just fear will hi 
a just cause of preventive war ; but especially, if it be part of tho 
case,\hat there be a nation who is manifestly detected to aspire to 
new acquests, then other states, assuredly, cannot be justly accu=seJ., 
for not paying for the first blow, or for not adopting Polyphemuii's 
courtesy, to be tlie last to be eaten up." (S]:)eech concerning a war 
with Spain.) This is peculiarly and emphatically the language of 
the balancing system, viz., "Look well to the safety and independ- 
ence of your neighboi*s, even the most remote, if you wish to pr.*- 
serve your own." The principle of interference to prevent the 
progress of a dangerous power rests, both as to right and policy, 
upon the most obvious dictates of experience and prudence. No 
state ever yet acquired a prepoTvdetaWxv^ ^^«t,^'OcLQ^\,^\iaKa^vt\ 
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and therefore, it is the right and interest of all states, to prevent 
any one from rising to such an ascendency as may endanger the 
oommon safety. The right in question, however, is that of guard- 
ing against injury justly to be apprehended from the conduct of a 
state which uses improper means of aggrandizement. As far, there- 
fore, as measures of hostihty are concerned, there must be actual 
encroachment in order to warrant them. The balancing system 
does not say there shall be no alterations in the relative strength 
of states ; for a state may fairly and honorably increase her power 
by wise legislation, or by the cultivation of her own internal re- 
sources. To attempt to impede a state, which takes this road to 
greatness, would be to make war upon those very arts, by the suc- 
cessful cultivation of which, peace and happiness are diffused through 
the world. The aggrandizements to which the balancing system is 
opposed, are thoae attended with immediate violence to some, and 
which infer violence to others. All that nations can do, when a 
neighbor becomes formidable in a fair way, is to watch her, and 
to draw closer those ties of alliance which may enable them to coun- 
teract any bad use of her power. When Lord Bacon, in his essay 
on Empire, counsels princes to **keep due sentinel, that none of 
their neighbors should so overgrow by increase of territory, by com- 
merce, or the hke, as to become more able to annoy them," he does 
not mean that the growth of a state by commerce is to be pre- 
vented, as in case of his extension by seizure of territory ; but that 
all great power, however acquired, is dangerous in its nature, and 
ought to be counterpoised by timely confederation. 

There is another way in which a state may become formidable, 
and that of a sudden, where the balancing system does not authorize 
immediate hostile interference. We allude here to the case of a 
sovereign who acquires a great accession of power by marriage, or 
by inheritance. " It is a sacred principle of the law of nations," 
says Vattel, " that such an increase of power cannot, alone and of 
itselfj give any one a right to take up arms, in order to oppose it." 
Grotius and Puffendorf maintain the same opinion, in decided terms. 
But suppose a sovereign who has displayed an encroaching disposi- 
tion, is about to acquire, in this way, an accession of power which 
would render him formidable to his neighbors ; in this case, as Vattel 
shows, the maxims of the balancing system authorize an immedi- 
ate interference to procure securities, or, according as the danger is 
eminent, to prevent altogether the impending aggrandizement. " It 
is, perhaps, unprecedented," says Vattel, " that a state should receive 
any remarkable accessions, without giving other states just grounds 
to interfere ; but should it be otherwise, the balancing system recom- 
mends keeping a watchful eye upon that atata ox\Ja5y.\*>^Qr^^^«s!Aw 
the formation ^f a counterpoise by means oi ?^5i\a5iCftar "^V^b ^«q^ 
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ejq>e<iients of tlie balancing system, therefore, are vigilant inspection 
to discover, and prompt union to counteract in their birth, ail audi 
projects of encroachments as powerful states will ever, when oppor- 
tunity offers, be ready to form. By emplojring resident agents to 
procure speedy information, and by the weight of joint warnmgs and 
reclamations, in every case of apprehended or of real injury, the 
balancing system is supposed to furnish the only peaceful means, 
which human wisdom can devise, to control the conduct of independ- 
ent states, the only means which can be employed to guard against 
injustice, or obtain redress without actual appeal to the sword. 

It was the habitual employment of these expedients, with a view 
to guard against distant dangers, that distinguished the balancing 
system, a& exemplified in modern Europe, from those momentary ef- 
forts, and loose confederacies, in which all nations, and even the 
rudest tribes, have occasionally united, in order to repel or pull down 
a common enemy. 

The object of the system is always the same, viz. : to preserve 
such a distribution of power, amid the varjdng relations of states, as 
shall most effectually ch^ck the spirit of encroachment, and confine 
every potentate to his own dominions. 

The preceding observations attempt to give a general idea of the 
nature, intention, and means of maintaining a balance of power 
among a number of connected nations of different degrees of power 
and magnitude. We shall finish by a few remarks on the histoiy 
and results of this branch of policy. 

The fundamental maxims which, according to Gentz, constitute 
the necessary conditions of the beneficial existence of such a system 
are — 1st That no one state in the common system, must ever become 
so powerful as to be able to coerce all the rest put together. 2d. 
That if the system is not merely to exist, but to be maintained^ 
without constant perils and violent concussions, every member who 
infringes it, must be in a condition to be coerced, not only by the 
collective strength of the other members, but by any majority of 
them, if not by one individual. 3d. That if ever a state attempts, 
by unlawful enterprise, to attain, or does in fact attain to a degree 
of power which enables it to defy the danger of a union of several 
:f its neighbors, or even of the whole, such a state should be 
treated as a common enemy ; and if that state has acquired such a 
degree of force by accidental circumstances, without any violence 
whatever, whenever it appears on the public theatre, no means which 
political wisdom can devise for the purpose of diminishing its power 
should be neglected or left untried, whenever it appears on the public 
scene of action. 

The knowledge of the ancients with regard to these great prind- 
/es of nationsd safety, and t\ie pencA '^\i«ft.^«^ ^\aiis«^ ^ ^^bOk^^sd.' 
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influenoe among the moderns, are points of considerable histcoic in- 
terest 

Mr. Hume has proved, in a very satisfactory manner, that the 
principle of preserving a balance of i)ower, is distinctly to be recog- 
nized in many of the great p<Dlitical transactions of the ancient 
world. The same thing had previously been shown by Kahle, a 
£unous physician, in a learned work pubhshed at Berhn in 1744. 
The anxiety of the Greeks, with regard to the principle of equilib- 
Amn among states, was particularly manifested, in that famous 
league against the rising power of Athens, which produced the Pel- 
oponnesian war. Athens herself showed that she both knew and 
practised this policy, by constantly throwing her power into the 
lighter scale, when Thebes and Sparta came to contend for the mas- 
tery of Greece. The orations of Demosthenes frequently display 
very clear views, and extensive, ones, in this branch of policy. " La 
that for the Megalopolitans, we may see," according to Mr. Hume, 
" the utmost refinements in the balance of power that ever entered 
into the head of a Venetian or an English speculatist ;" and by a 
later writer, Brougham, in his " Colonial Pohcy," this speech is also 
pointed out as containing discussions of some of the most delicato 
parts of the theory. It seems, in short, to be no longer a question, 
that it was only with the phrase, and not the idea of a balance of 
power, that the ancients were unacquainted. It was tlie more constant 
operation of the principle in question which gradually formed tho 
nations of Europe into one great republic, or federal league, whoso 
common bond of union was the guarantee which it afforded of their 
respective independence. 

In modern Europe, a number of considerable states were formed, 
under such circumstances as tended peculiarly to promote a regular 
intercourse among them, and, consequently, to develop and systemar 
tize this great principle of national security. But it did not begin to 
manifest itself until, in the gradual and similar progress of European 
society, the power of the sovereigns of these states was so far con- 
solidated as to enable them to give a part of their attention to for- 
eign affairs, and to maintain armies beyond their own frontiers. It 
was in Italy, where civilization was more advanced, and where there 
existed a number of small states and commonwealths, whose safety 
required that they should keep watch on each other, that the modern 
system of interference took its beginnings. From an early period of 
the fifteenth century, we see the balance of power as constant an 
object of concern among these states, as in the sixteenth century it 
became an object of concern throughout the whole of Europe. 
Guicciardini, in his Italian History, presents a splendid picture of the 
beneficial effects, the long peace, and general independence^ attendasl 
19MO liiua baMtual attention to the balax^g ^fvsi<csy?^ ^^%sw ^^s:«q^ 
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the end of the siime century, that these ideas began to extend to 
other quarters, and to actuate the movements of greater potentates. 
There were even then several princes possessed of large kingdoms, 
with powers and prerogatives which enabled them to take part in 
different wars and negotiations. The first great movements of an 
ambitious neighbor would naturally excite their jealousy, and bring 
them to act in concert. Thus when Charles VIII., of France, in- 
vaded Italy,, in 1494, and laid claim to Naples, the sovereigns of 
Spain and Germany saw the expediency of listening to the Italian 
princes, who suggested a confederacy to prevent France from gaining 
an accession of power which could not but render her a dangerous 
neighbor. During that triumvirate of kings, Henry VIII., of Eng- 
land, Francis I., of France, and Charles V., Emperor of Germany, 
there was such a watch kept over them, that none of the three could 
win a rood of ground, but the other two would immediately balance 
it, either by confederation, or by a war, if necessary. 

" Long before the states of Europe," (says M. Villers, in his able 
work on the Reformation,) ** became united in a general system, Italy 
and Germany had formed partial systems, with a view to restrain 
the members within them, each by the other, and maintain a balance 
of power." The states of Europe embraced the idea of a balance 
of power, in proportion as their circumstances enabled them to act ' 
upon it, and not in consequence of any estimate of its effects, as dis- 
played on those narrower and earlier stages of its agency. The 
object, therefore, of a balance of power, is to alarm and arm all 
against the prince, whose power prompts him to transgress upon 
others ; and the prince who knows that all his motions are keenly 
watched, and that his first successes would only expose him to a more 
extended contest, must see how hopeless must be any attempt to 
possess himself of the territories of the weakest of his neighbors. 

The great changes to which the American revolution opened the 
door, have rendered the doctrine of the balance of power of less 
consequence than formerly. The great object of jealousy among 
European monarchs now is, not their neighbors, but their own subjects. 
They fear the rising power of democracy, much more than they fear 
each other. They have been made aware, in short, that hereafter, 
th<.y will have to contend, not for more territory, but for their crowns 
and revenues. The immense strides of this young republic towards 
irresistible power, combined with the striking and increasing pros- 
perity which attends its growth, fill them with alarm. They see, 
also, their subjects will be apt to conclude that crowned heads, state- 
paid priests, and a privileged class of nobility, are things not essen- 
tial to public prosperity, or private morality, but rather a heavy 
incubus on both ; and the many attempts very recently made in 
omny parts of Europe to esta\)\^\i le^xii^cssv ^w^Toxasscte*^ ^<;a£1<| 
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inferm us that many of the masses have already learned that lesson. 
Throughout the greatest part of Europe, the ambitious views, and 
private wishes of rulers, are beginning to bo controlled by the views 
and wishes of their subjects. These are beginning to open their 
eyes to the legitimate objects of government. 

" Tbe right divine of kings to govern wrong" 

has been so completely exploded, that it is likely to be even forgot- 
ten, at no distant period. Absblutists are now obliged to trust 
mainly to brute force, to keep down their subjects, and in such cir- 
cumstances, the balance of power is not likely ever again to assume 
the importance it once held. To the New World, it cannot apply : 
for here the whole weight is already in one scale ; and the diabolical 
partition of Poland, perpetrated when the system was yet in full 
vigor, proves that its value was much less than it was once est mated. 



PART IV. 



PUBLIC ECONOMY. 



§ I. — ^Balance of Trade. 

Balance of trade is the term commonly used to express the differ* 
ence between the value of the exports from, and the imports to, a 
country. The balance is said to be favorable, when the value of the 
exports exceeds that of the imports — and unfavorable, when the value 
of the imports exceeds that of the exports. The attainment of a 
favorable balance was formerly regarded as an object of the greatest 
importance. The precious metals, gold and silver, early acquired, in 
consequence of their being used as money, an artificial importance, 
and were long considered as the only real wealth either individuals 
or nations could possess. And as countries without mines could not 
obtain supplies of these metals, except in exchange for exi^rted. 
products, it was concluded that if tlie valu^ ol V)!aft e^xcmssj^fiitts®. « 
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ported, CJtceeded that of those imported, the balance wonid hnn to 
f be paid by the importflUon of an pijuivaleot amount of the pfi>owB» 
metKls, and conversely. A very large proportion of the restrainia 
imposed on the freedom of commerce, duriDg the last two centuries, 
grew out of this notion. Tho importance of having a favoraHo bal- 
ance being^ nniveraally admitted, every effort was made to atUiin it ; 
and nothing seemed so effectual for this purpose, as the devising of 
Hchemes to facilitate exportation, and hinder the importation of almost 
fil products that were not intended for future exportation, except gold 
Eind silver. But the gradual, though slow growth of soand^ opin- 
' ions, with respect to the nature and functions of money, showed the 
futility of a system of policy having such otgeets in view. It is now 
conceded that gold and. silver are nothing but commodities; and 
that it is in no respect necessary to interfere, either to encourage 
thfflr importation, or to prevent their exportation. In Great Britain, 
ttiey may be freely expOTted and imported, whether in the shape of 
ctHit or bullion. 

The truth is, however, that the theory of the balance of trade is 
not erroneoiM merelyfrom the false notions which its advocates en- 
tert-uned with resj^ct to money ; it proceeds on radically mistaken 
views, as to the nature of commerce. The mode in which the bal- 
ance is usually estimated, is, indeed, completely falLicious. Suppo- 
sing, however, that it could be correctly ascertained, it would be 
found, in opposition to the common trillion, that the imports into 
every coun^ that maintiuns a commerce with another, gener^y 
exceeds the exports ; and that when a balance is formed, it is only in 
oertmn cases that it is cancelled by a spede payment. 

The proper business of the wholesaln merchant, consbts in cany- 
ing the various products of the different countries of the world ftom 
the places where their value is least to those where it is greatest ; or, 
what is the same thing, in distributing them accordmg to the effective 
demand, It is clear, however, that fliere could be no motive to ex- 
port any spedes of produce, unless that which it was intended to 
import in its stcad,'were of greater value. When an English nwr- 
chant commissions a quantity of Polish wheat, he calculates on sdl- 
ing for so much mora than its price in Poland, as will be sttfficaKit 
to pay the expense of the freight, insurance, Ac^ and to yield, bo- 
sidca, the common and ordinary rate of pro6t on the cajrital emploT*"" ~ 
If the wheat did not sell for mis much, its importation would 
onsly be a loss to the importer. It is plain, then, that no mep. 
ever did, or ever will export, hut with a view of importing somethi 
sbe more valuable in i«tnm. And so fer aa the excess of ex} 
over imports being any criterion of an advantageous commerce, 
, eKrect^f tlj6 reverse; ai\d l\ie tTO.*ikia,Ai«WA\i^andinff all that . 
bew said and written to the «m\iBs^,'CiwXMsi'a&SsiRi-iiisia(S.' 



imports exceeded that of the exports, foreign trade oonld not be car- 
ried on. Were this not the case, that is, were the value of the ex- 
ports always greater than the value of the imports, merchants would 
loee on every transaction with foreigners, and the trade with them 
woidd be speedily abandoned. 

In England, the rates at which all articles of export and import 
are officially valued, were fixed so far back as 1696. But the very 
great alteration which has since taken place, not only in the value 
of money, but also in the cost of most part of the commodities 
produced in that and other countries, has rendered this official valu- 
ation, though valuable as a means of determining their quantity, of 
no use whatever as a criterion of the true value of the exports and 
imports. In order to remedy this defect, an account of the true and 
declared value of the exports is prepared, from the declarations of 
the merchants, and laid before Parliament ; there is, however, no 
such account of imports. And, owing to the difficulties which high 
duties throw in the way, it is, perhaps, impossible to frame one with 
anything like accuracy. It has also been alleged, and apparently 
with some probability, that English merchants have not unfrequently 
been in the habit of exaggerating the value of articles entitled to 
drawbacks on exportation. But the recent extension and improve- 
ment of the warehousing system, and the diminution of the number 
of drawbacks, must materially lessen whatever fraud or inaccuracy 
may have arisen from this source. Indeed, as most artidw were 
diarged with an ad valorem duty of 10 shillings per cent on exporta* 
tion, we should consider that their value would be rather under than 
over-rated. We believe, however, that their declared value comas 
very near the truth ; at least, sufficiently so for all practical purposes. 
Now the declared value of the English exports in 1832, was only 
£36,046,027, being little more than half their offidal value, and 
upwards of £7,000,000 under the official value of the imports. 
What the excess of the latter might be, had we the means oi com- 
paring their real value with that of the exports, it is impossible to 
say ; but there can be no manner of doubt, that, generally speaking, 
it would be very considerable. The value of an exported commodity 
is estimated at the moment of its being sent abroad, and before its 
value is increased by the expense incurred in transporting it to thd 
place of its destination ; whereas, the value of the commodity im- 
ported in its stead, is estimated after it has arrived at its destination, 
and, consequently, after its value has been enhanced by the cost of 
freight, insurance, importer's profits, <fec 

In the United States, the value of the imports, as ascertained by 
the custom-hoase returns, generally exceeds the value of the ex- 
ports. And, although our practical 'ooYi\ksv?CD& \iw^ \FiKOk Njbw '^eA. 
luUat of coaaidmag the excess of the \oxmi» 9& ^ «h^5s^^^v3k&. ^ ^ 
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disadvantageous commerce, that is, a surplus of imports, the real 
gain of the United States has been nearly in proportion as the 
value of their imports has exceeded that of their exports. The 
great excess of American imports has been occasioned in part hy 
the Americans generally exporting their own surplus produce, and 
consequently receiving from foreigners, not only an equivalent for 
their exports, but also for the cost of conveying them to the foreign 
market 

"In 1811," says Mr. Pitkin, "flour sold in America for nine 
dollars and a half per barrel, and in Spain for fifteen dollars." The 
value of tlie cargo of a vessel, carrying 5,000 barrels of flour, would 
therefore be estimated at the period of its exportation, at $47,600 ; 
but, as this flour would sell, when carried to Spain, for $75,000, the 
American merchant would be entitled to draw on his agent in Spain, 
for $27,500 more than the flour cost in America, or than the sum 
for which he could have drawn, had the flour been exported in a 
vessel belonging to a Spanish merchant, and on his account. But 
the transaction would not end here. The $75,000 would be vested 
in some species of Spanish, or other European goods, fit for the 
American miarket, and the freight, insurance, &c., on account of the 
return cargo, would probably increase its value to $100,000; so 
that, in all, the American merchant might have imported goods 
worth $52,500 more than the flour originally sent from Spain. It 
is as impossible to deny that such a transaction as this is advan- 
tageous, as it is to deny that its advantage consists entirely in the 
excess of the value of the goods imported over the value of those 
exported. And it is equally clear, that America might have had the 
real balance of payments in her favor, though such transactions as 
the above had been multiplied to any conceivable extent. Thus we 
see there is no connection between an unprofitable trade and an 
apparent preponderance in the value of imports. 

In the second place, when a balance is due by one country to an- 
other, it is seldom paid by remitting specie from the debtor to the 
creditor country. If the sum due by the British merchants to those 
of the United States be greater than the sum due by the latter to 
them, the balance of payments will be against Britain; but this 
balance will not, and indeed cannot, be discharged by an exporta- 
tion of bullion, unless bullion be at the time the cheapest exportable 
commodity ; or which is the same thing, unless it may be more 
advantageously exported than anything else. To illustrate this prin- 
ciple, let us suppose that the balance of debt, or excess of the value 
of the bills drawn, by the merchants of New York on London, over 
those drawn by the merchants of Loudon on New York, amounts 
, to £200,000, it is the business of the London merchants to fina out 
f« means of discharging this debt m\k \\i^V^\. e»^\!fife\ «sAV&.Sfl^ 
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plain that, if they find that any less sum, as £96,000, will purchase, 
and send to New York, as much cloth, cotton, hardware, colonial 
produce, or any other commodity, as would sell in New York for 
£100,000, no gold or silver would be exported. For they will 
export goods to that amount, and then draw on their New York 
consignees, in favor of their creditors. The laws which regulate the 
trade in specie, are not, in any degree, different from those which 
regulate the trade in other commodities. Specie is exported only 
when its exportation is advantageous, or when it is more valuable 
abroad than at home. It would in fact be quite as reasonable to 
expect that water should flow from a low to a high level, as to ex- 
pect that specie should leave a country, where its value is great, to 
go to one where ite value is low. Specie is never sent abroad to 
destroy, but always to find its level. 

The balance of payments might be ten or a hundred millions 
against a particular country, without causing the exportation of a 
single ounce of specie. Common sense tells us that no merchant 
will remit $100 worth of specie to discharge a debt in a foreign 
country, if it be possible to invest any smaller sum, in any species 
of merchandise which would sell abroad for $100 dollars exclusive 
of expenses. The merchant who deals in the precious metals, is as 
much imder the influence of self-interest as he who deals in coffee 
or indigo. But what merchant would attempt to extinguish a debt, 
by exporting coffee which cost $100, if he could effect his object by 
sending abroad indigo which cost only $99 ? 

The argument about the balance of payment is one of those that 
contradict and confute themselves. Had the apparent excess of 
exports over imports, as indicated by the British custom-house books 
for the last hundred years, been always paid in bullion, as the sup* 
porters of the old theory contend is the case, there ought, at this 
moment, to be in Britain, about £450,000,000. or £500,000,000, 
instead of £50,000,000 or £60,000,000, which is 'the actual amount I 
Nor is this all. If the theory of the balance be good for anything ; 
if it be not a mere idle delusion, it follows, as every country in t£e 
world, with the single exception of the United States, has its favor- 
able balance, that they must be paid by an annual importation of 
bullion from the mines, corresponding to their aggregate amount 
But it is a well-known fact that the amount of specie in a country 
varies very little fi*om year to year : and it is certain that the entire 
produce of the mines, though it were increased in a tenfold propor- 
tion, would be insufficient for this purpose I This reductio ad ah- 
surdum is, therefore, decisive of the degree of credit that ought to 
be attached to the conclusions respecting the flourishing state of the 
commerce of any country, drawn from thft «xfi^"3» cS. Nkvfe «*:<^«s^Nak 
over the imports. 
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Not only, therefore, is the common theory with respect to the bal- 
ance of trade erroneous, but the very reverse of that theory is true. 
In the first place, the value of the commodities imported by every 
country, which carries on an advantageous commerce, (and no other 
will be prosecuted for any considerable period,) invariably exceeds 
the value of those which she exports. Unless such were the case, 
there would plainly be no fund, whence the merchants and others en- 
gaged in foreign trade could derive either a profit on their capital, or a 
return for their outlay and trouble ; and in the second place, whether the 
balance of debts be for or against a country, that balance will neither 
be paid nor received in bullion, unless it be, at the time, the commod- 
ity, by the exportation or importation of which, the account may 
be most profitably settled. Whatever the partisans of the doctrine 
as to the balance may say about money being a preferable product, 
it is certain it will never appear in the list of exports and imports, 
while there is anything else with which to carry on trade, or cancel 
debts, that will yield a larger profit, or occasion loss expense to the 
debtors. 

It is difficult to estimate the mischief which the absurd notions 
relative to the balance of trade have occasioned in every commercial 
country. But in America, they have been particularly injurious. It 
is chiefly to the prevalence of prejudices to which they have given 
rise, that the restrictions on the trade between America and Europe 
are to be ascribed. The great, or rather, the only argument insisted 
upon, by those who prevailed on the British legislature, in the reign 
of William and Mary, to declare the -trade with France a nuisance, 
was founded on the statement that the value of the imports from 
that kingdom, considerably exceeded the value of the commodities 
exported to it. The balance was regarded as a tribute paid by 
England to France ; and it was sagaciously asked, what had they 
done, that they should be obliged to pay so much money? It 
never occurred to those who so loudly abused the French trade, that 
no merchant would import any commodity from France, unless it 
brought a higher price in England than the commodity exported to 
pay for it, and that the profit of the merchant, or the national gain, 
would be in exact proportion to this excess of price. The very rea- 
son assigned for prohibiting the trade, afibrds the best attainable 
proof that it was a lucrative one. 

There are some circumstances which have had an influence in de- 
termining the relation of exports to imports in the United States, 
and which are in a great measure pecuhar to this country. These, 
it may not be uninteresting briefly to mention. Our readers will bear 
in mind, that we use the terms exports and imports in their ordinary 
and mercantile acceptance, mcluding all sorts of commodities, 
**pecie only being excepted. lat.^\i\\e^«iex^^t\&\fic^\jRKE^^Ta^^ 
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at the exporting port, the imports, until the 3d day of March, 1833, 
■were valued by adding 20 per cent, to the actual cost, if imported 
fix>m the Cape of Good Hope, or from any other place or country, 
including all charges, commissions, outside packages and' insurance 
alone excepted. 2d. The profits of capital being higher in the 
United States than in most other countries of the commercial world, 
it follows that capital must be continually flowing into them from 
abroad, thus swelling the imports beyond the amount they otherwise 
attain. Fpr much of the money borrowed abroad, is laid out on 
imported goods ; and if money could not be borrowed so freely, the 
amount of imported goods would necessarily be less. 3d. The owner 
of the capital imported into the country does not, in many cases, 
come with his property, but continues to reside where he did. A 
certain amount of profits, or interest, on the foreign capital employed 
In the United States, is consequently remitted every year to other 
countries. And as this is partly in goods, it is obvious that our ex- 
ports will, on this account, be rendered more considerable in com- 
parison to our imports. 4th. The rapid advance of the country in 
population arid wealth, since its separation from Great Britain and 
the adoption of the present constitution, has required a supply of 
the precious metals, for the most part from abroad, much greater 
than was sufficient to replace the consumption of those metals, either 
as coin or in the arts. Money was, therefore, to a certain extent, on 
this account, imported into the United States, in exchange for our 
exports, instead of those commodities which are ordinarily designated 
by the term imports. 5th. The substitution, in a degree continually 
greater and greater, of paper money for a gold and silver currency, 
which has been taking place during the same period, must of course 
have diminished the effect just stated. 

If we now put these difterent circumstances together, two of them 
operating in one direction, and the other three in the opposite ; and 
it we compare them also with those which are not peculiar to the 
United States, but belong equally to every country, there will be no 
cause for surprise, why the general law of the_^xcess of imports 
over exports, should almost always have held good among ourselves. 



§ n. — Origin op Commerce and Mercantile Classes. 

The origin of commerce* is coeval with the first dawn of civiliza- 
tion. As soon as individuals ceased to supply themselves directly 

* This word is derived from com-mutatio merc-ium ; and means properly 
what the term literally imports — an exchange of commoditvas^. ^Sa. \ss. **^:a^ 
tense we employ it in the present section. "Sia^Baito^et %v^s!S!L<»5«^^\^-^^•'B^s»" 
mwrhRxiging commodiiAeB with foreigaers. 
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with the goods they used, a commercial intercourse must have b^un 
to grow up amongst them. For it is only by exchanging that por- 
tion of the produce, raised by ourselves, that exceeds our own con- 
sumption, fur }X)rtions of the surplus produce raised by others, that 
the division of employments can be introduced, or that different in- 
dividuals can apply themselves to different pursuits. 

Not only, however, does commerce enable the inhabitants of the 
same \illage or parish, to combine their separate efforts to accom- 
plish some common object, but it also enables those of different 
provinces and kingdoms to apply themselves, in a special mannner, 
to those callings, for the successfiil prosecution of which the district 
or country which they occupy gives them some peculiar advantage. 
The territorial division of labor has contributed more, perhaps, 
than anything else to increase the wealth and accelerate the civiliza- 
tion of mankind. Were it not for it, we should be destitute of a 
vast,nuraber of the comforts and enjoyments which we now possess ; 
while the price of the few that would remain would, in most in- 
stances, be very greatly increased. But whatever advantages may 
be derived, (and it is hardly possible to exaggerate, either their mag- 
nitude or their importance,) from availing ourselves of the peculiar 
capacities of production enjoyed by others, are wholly to be ascribed 
to commerce, as their real source and origin. 

While the exchange of difierent products is carried on by the pro- 
ducers themselves, they must unavoidably lose a great deal of time, 
and experience many inconveniences. Were there no merchants, a 
farmer, wishing to sell his crop, would be obliged in the fii*st place to 
seek for customers, and to dispose of his corn as nearly as possible 
in such quantities as might suit the demands of the various individ- 
uals inclined to buy it ; and, after getting its price, he would next be 
obliged to send to ten or twenty places, and these perhaps remote, 
for the commodities he wanted in its stead ; so that, besides being 
exposed to an immense deal of trouble and inconvenience, his atten- 
tion would continually be diverted from the labors of his farm. 
Under such a state of things, the work of production, in every differ- 
ent employment, would be meeting with perpetual interruptions ; and 
many branches of industry, that are carried on in a commercial 
country, would not be undertaken. The establishment of a distinct 
mercantile class, effectually obviates these difficulties. When a set 
of dealers erect warehouses and shops, for the purchase and sale of 
all descriptions of commodities," every producer, relieved from the 
necessity of seeking customers, and knowing beforehand where he 
may at all times be supplied with such products as he requires, de- 
votes his whole time and energies to his proper business. The inter- 
vfintion of merchants gives a continuous and uninterrupted motion 
' the plough and the loom, ^ete l\ift daaa cA Xx^iAfc^ «M»hilated, 
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all the springs of industry would be paralyzed. The numberless 
difl&culties that would then occur in eflfecting exchanges, would lead 
each particular family to endeavor to produce all the articles they 
had occasion for ; the divisions of labor would be relinquished ; and 
the desire to rise in the world, and improve our condition, would de- 
cline, according as it became more difficult to gratify it. What sort 
of agricultural management could be expected of farmers who had 
to manufacture their own wool, tan their own hides, make their own 
clothes, paper, writing materials, books, shoes, &c., and who were 
every now and then obliged to leave the plough for the shuttle — ^and 
the harrow for the anvil, and the plane ? 

A society, without that distinction of employments and professions 
resulting from the division of labor, that is, without commerce, would 
be totafly destitute of any arts or sciences worthy of the name. It 
is by the assistance that each individual renders to, and receives from 
his neighbors, by every one applying himself; through preference, to 
some particular task, and combining, though probably without intend- 
ing it, his efforts with those of others, that civilized man becomes 
equal to the most gigantic labors, and effects what at first sight ap- 
pears beyond his power. 

The mercantile class has generally been divided into two subordi- 
nate classes, viz. : wholesale dealers, and retail dealers. The former 
purchase large quantities of the various products of art and industry 
in the places where they are produced, or are least valuable, and 
therefore cheapest, and carry them to those places where they are 
most valuable, or more in demand ; and the retail dealers, having 
purchased the commodities in smaller quantities of the wholesale 
dealers, or of the producers, collect them in shops, and sell them in such 
quantities, and at such times, as may best suit the public demand. 

These classes of dealers are alike usefrd ; and the separation that 
has been effected between their employments, is one of the most ad- 
vantageous divisions of labor. The operations of the wholesale mer- . 
chant are analogous to those of the miner ; neither one nor the other 
makes any change on the articles which he carries from place to 
place. All the difference is, that the miner carries them from below 
the ground, to the surface of the earth ; while the merchant carries 
them from one place to another on the surface of the earth. Hence 
it follows, that the value given to commodities by the operations of 
the wholesale merchant, may often exceed that given to them by 
the producers. The labor and expense required to dig a quantity 
of coal from the mine, does not equal that required for its convey- 
ance from Carbondale to St. Louis ; and it is a fer more difficult and 
costly a£&ir to bring a piece of timber from Aroostook to New York, 
Uian to cut down the tree. In this resist, \Xi5£t^ ^ T^a ^iSsst^swsf^ 
between commerce^ and agriculture, and. is\aii\3&afc\.\a^» 'W^^Na^i^- 
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render materials useful, by bestowing on them such a shape as may 
best fit them for ministering to our wants and comforts ; and the 
former gives additional utility to the products of the agriculturist 
and manufacturer, by bringing them from where they are of com- 
paratively little use, or are in excess, to where they are of compara- 
tively great use, or are deficient. 

If the wholesale merchant were himself to retail the goods he 
has brought from difierent places, he would require a proportional 
increase of capital, and it would be impossible for him to give that 
exclusive attention to any department of his business which is in- 
dispensable to its being carried on in the best manner. It is for the 
interest of each dealer, as of each workman, to confine himself to 
some one business. By this means, each trade is better understood 
and cultivated, and carried on in the cheapest manner possible. 
But whether carried on by a separate class of individuals or not, it 
is obvious that the retaihng of commodities is indispensable. It is 
not enough that a cargo of tea should be imported from China, or 
a cargo of sugar from Cuba : most individuals have some demand 
for these articles ; but there is not perhaps a single private person 
throughout the United States requiring so large a supply of them 
for his own consiraiption. It is clear, therefore, that they must be 
retailed, that is, sold in such quantities, and at such times, as may 
be most suitable for all classes of customers, or consumers. And, 
since it is admitted on every side that this necessary business will be 
best conducted by a class of traders distinct from the wholesale 
dealers, it is impossible to doubt that their employment is equally 
conducive with that of others to the public interest, or that it tends 
equally to augment national wealth and comfort. 



§ in. — Home Trade. 

The commercial intercourse between the subjects of the same 
government is termed the home trade, or more simply trade, which 
is distinguished from foreign trade, or commerce, in the narrower 
sense. The observations already made serve to show the influence 
of the home trade, in allowing individuals to confine their attention 
to some one employment, and to prosecute it without interruption. 
But it is not in this respect only that the establishment of the home 
trade is advantageous. It is so in a §till greater degree, by allowing 
the inhabitants of the difierent districts of a country to turn their 
labor into those channels in which it will be most productive. The 
difierent minerals, soils, and climates of difierent districts, fit them for 
heJDg appropriated in preference to certain species of industry. A 
(tstrkt, where coal is abundanV., >n\3^ \i:a& vcl ^a&^ aooess to tha 
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oceam, and a considerable command of internal navigation, is 
natarally suited for mannfiictures : wheat and other species of grain 
are the natural products of rich, arable soils ; and cattle, after being 
reared in mountainous districts, are most advantageously fattened in 
meadows and low grounds. Hence, it follows, that the inhabitants 
of different districts, by conj&ning themselves to those branches of 
industry^ for the successful prosecution of which they have some 
peculiar capabiUty, and exchanging their surplus produce for that of 
others, will obtain an incomparably larger supply of all sorts of use- 
ful and desirable products than they could do were they to apply 
themselves indiscriminately to every different business. 

The territorial division of labor is, if possible, even more advanta- 
geous than its division among individuals. A person may be what 
is called Jack of all trades ; and, though he may not be well skilled 
in any, he may make some common efforts in them all. But it is 
not possible to apply the same minerals, and the same soil to every 
different purpose. Hence it is that the inhabitants of the richest 
aod most extensive country, provided it were divided into small dis- 
tricts without any intercourse with each other, or with foreigners, 
could not, however well labor might be divided among themselves, 
be otherwise than poor and miserable. Some of them might have 
a superabundance of com, at the same time that they were wholly 
destitute of coal and iron, while others might have the largest sup- 
plies of the latter articles with very little grain. But in commercial 
countries, no such anomalies can exist. Abundance and comfort 
may there be universally diffused. The labors of the mercantile 
classes enable the inhabitants of each district to apply themselves 
chiefly to those employments which are naturally b^ suited to 
them. This superadding of the division of labor, among different 
provinces, to its division among different individual^, renders the 
productive powers of industry immeasurably greater, and augments 
the mass of necessaries, conveniences, and enjoyments, in a degree that 
could not previously have been conceived possible, and which cannot 
be exceeded, except by the introduction of foreign trade, or commerce. 
" With the benefits of commerce," says an eloquent and philosophi- 
cal writer, " or a ready exchange of commodities, every individual 
is enabled to avail himself to the utmost of the peculiar advantages 
of his place ; — ^to work on the pecuhar materials with which nature 
has furuBhed him ; — to humor his genius or disposition, and betake 
bioLself to the task in which he is peculiarly qualified to succeed. 
The inhabitant of the mountain may betake himself to the culture 
of his woods and manufacture of his timber ; the owner of pastures 
may devote himself to the care of his herds ; the owner of the 
day-pit to the manufacture of his poUery •, «cA >iXi'^\s>a^^soScocfflcsN.\ft 
tike oahwe of bk fields, or the Tearing oi \iva «aWO«i. k!B.^«s^ « 
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comnMxUty, however it may form but a small part in the a 
datjons of human life, may, under the fadUties of comtoerce, find a 
maiiet in which it may he exchanged for what will procure any 
oHier part or the whole; ao that the owner of the clay-pit, or the 
indosbious potter, without producing any one articlQ immediately 
fit to supply hia own necessities, may obtain possession of all he 
wants. AJid commerce, in which it appears that commodities are 
merely exdianged, and nothing produced, is, nevertheless, in its 
efibrts, very productive, because it miniatsrs a fedlity and encour- 
agement to every artist, in multiplying the productions of hia art; 
thuB adding greatly to the mass of wealth in the world, and being 
tie occasion that much is produced." See Ferguson's Principles of 
Moral Sdcnee. 

The roads and canals that intersect a country, and open an easy 
communication between ita remotest extremities, reuder the greatest 
service to internal trade, and to agriculture and manufactures. 
A diminution of the expense of carriage has, in fact, the same effect 
as a diminution of the direct cost of production. If the coals 
brought into a dty sell at $3 00 per ton, of which the carriage 
amounts to hal^ it is pliun, that in the event of an improved com- 
munication, (such as a more direct or level road, a railway or a 
canal being opened,) for the conveyance of the coals, and that they 
CMi, by this means, be imported for half the previous expense, their 
price will immediately fall to $4 50 a ton, — just as it would have 
done, had the expense of exttacting them from the mine been re- 
duced to half. 

Employments are more and more divided, (or rather subdivided 
more powerful machinery is introduced, and the productive powers 
labor are increased, according as larger masses of the population a 
gregate tognther. In a great town, the same number of hands « 
perform much more work than in a small village, where each indivi 
ual has to perform several operations, and where the scale of emplcn 
ment is not sufficientiy large to admit of the introduction of ext^iar 
and complicated madiinery. But many of the great towns could n. 
exist without our improved means of communication. These, hoi 
ever, enable their inhabitauta to supply themselves with the b 
prodncta of the soil, and of the mines, as cheap, or nearly so, i 
they lived in the country villages ; securing to Ihem all W.Q adva 
tages of concentration, with but few of its inconveniences. 

Roads and canals are thus productive of a double benefit ; 

while, by affording comparatively cheap raw materials to the ma 

fecturers, they give them the means of perfecting the divisions oj 

I l^bor, and of supplying proportionably cheap manufiictured go 

I the latter are conveyed by tWt means, and. at an extremely si 

[ tacpenae, to. the remotest part. vH lae, oomtAt^. T^'^ Saw*, iiisml 
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tages they confer on agriculture are not less important. Without 
them, it would not be possible to carry to a distance sufficient sup- 
plies of lime, marl, shells, and other bulky and heavy articles neces- 
sary to give luxuriance to the crops of rich soils, and to render those 
that are poor productive. Good roads and canals, therefore, by 
furnishing the agriculturists with cheap, abundant supplies of manure, 
reduce, at one and the same time,, the cost of producing the neces- 
saries of life, and the cost of bringing them to market. 

In other respects, the advantages resulting from improved com* 
munications are probably even more striking. They give the same 
common interest to every different part of the most widely extended 
empire ; and put down, or rather prevent, any attempt at monopoly 
on the part of the dealers of particular districts, by bringing them 
into competition with those of all the others. Nothing in a state 
enjoying great facilities of communication is separate and uncon- 
nected. All is mutual, reciprocal, and dependent. Every man 
naturally gets into the precise situation that he is best fitted to fill ; 
and each co-operating with every one else, contributes to the utmost 
of his power to extend the limits of production and civilization. 

Such being the nature and vast extent of the advantages derived 
from trade, it is obviously the duty of legislatures to give it every 
proper encouragement and protection. The error of government^ 
in matters of trade has not been in doing too little, but that they 
have done too much. The encouragement which has been afforded 
to the producers of certain species of articles in preference to othei^s, 
has uniformly been productive of disadvantage. The encourage- 
ment which a prudent and enlightened government bestows on in- 
dustry will equally be directed to remove everything that fetters 
the freedom of trade, or impedes the power of individuals to en- 
gage in different emplo}Tiients. All regulations, whatever be their 
object, that operate either to prevent the circulation of commodities 
from one. part of a country to another, or the free circulation of 
labor, necessarily check the division of emplo}Tnents, and the spirit 
of competition and emulation, and must, in consequence, lessen the 
amount of produce. The same principle that prompts to open 
roads, to construct bridges and canals, ought to lead every people to 
erase from the statute book every regulation which either prevents 
or fetters the operations of the merchant, and the free disposal of 
capital or labor. Whether the freedom of internal trade and industry 
be interrupted by impassable mountains and swamps, or by oppres- 
sive tolls or restrictive regulations, the effect is equally pernicious. 

The common law and ancient statutes of England, were decidedly 
hostile to raonopoHes, or to the granting of powers to any particular 
class of individuals to furnish tlie mavVo\. \n\k oomwxc^vix^'^'s.. ^^-'^ 
Coke dhtinetiv sUiteSj tliat all monopoWo?. eowe-c^mw^ ^x^^^ ^^^"^^^ 



are agMOst tbe liberty and freedom granted by Die gnat charta, 

and aubiwueiit enactmi^ute. I'ew tilings occasioned more discontent 
in Eagkiid, in tlie time of tlie Tuiiors, tlian tbe multiplicatioii of 
monopolies ; and notwilhslAudiiig tbe opposition made bj t^e crown 
and tb« court party, in tlic reign of James I., tbe grievanca became 
so intoleruble as to give riM to tlie fumoua statute of 1624, bv whkk 
ail monopolies, grants, letters patent, and licenses for the ~'~ 
purchasing, selling, and makbg of goods, and manufacturea, 
g^TOn by tie act of tbe legislature, ars declared to be "alt — 
contrary to the laws of tbe kingdom, void, and of none efiecL' 
statute was productive c^ tbe greatest adv.intage, and poHi^n 
tributed more than any other to tbe development of indnstiy, 
the accuinalation of wealth. Willi the exception of the mono, 
of printing Bibles, and tbe restraiuta imposed by tbe charten _ 
bodies legally incorporated, the freedom of inlernnl induati^ haa 
ever since been vigilantly protected ; and the Bible monopoly b now 
abolished, and tbe exclusive rights of corporations general^ curtwled, 

Tbe same remarks apply to tliis country: the evils of reatri( " 
on trade were so keenly felt under the confedeTation that tbe i 
lefpslatures are prohibited by tbe constitution from laying any 
striction on it by means of imposts or duties ; and it may be at 
that with the exception of patented and corporate rights, no restri*- 
tion ou the freedom of traue exists throughout the United States. 
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§ rV. — -CoMMEBCE, OK Foreign Trade. 

"What the homo trade is to all the diffaront provinces of the same 
country, /oreigii trade is to all the different countries of tbe world. 
Particular countries only produce particular commoditJea, and were 
it not for foreign commerce, they would be entirely destitute of all 
but such as are indigenous to their own sml. It is difficult for thoee 
who have not reflected on the subject, to imagine what a vast deduc- 
tion would be made, not only from the comforts, but from the necessa- 
ries of every commercial people, were its intercourse with strangers to 
cease. It is not, perhaps, too much to aaj, that in the United Slates wo 
owe toourintercourse witJiothercountriesonelialf ormoreof whatwe 
enjov. We are not only indebted to commerce for supplies of linen, 
woollen, and silk jroods, hard wares, tbe useful metals, tea, coffee, sugar, 
the precious metals, etc^ but for our domestic animals, and most of tJie 
frnits and vegetables wbicb wo now cultirate, neither of which are 
indigenous to this country. Commerce boti suppiies us with an 
immense variety of most important articles, of which we must have 
^erw ise been wholly ignorant, and it enables us to employ our in- 
-fflllfij Mi the mode in w^iich it w. siHij\(i\ife-mRfeS.Y[?A.viriiCTft,»jA 
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reduces the price of almost every article. We do not waste our ener- 
gies in raising beet-root for sugar, or in cultivating mulberry trees 
for silk, but'' we employ them in those departments of industry in 
which our circumstances enable us to produce goods more abundantly 
and cheaper than we can procure them from abroad ; and we obtain 
the articles produced by foreigners more cheaply, in exchange for our 
surplus productions. We can thus avail ourselves of all the peculiar 
advantages and faculties of production, given by Providence to dif- 
ferent countries. Thus we receive sugar from the West Indies, and 
send flour and salt meat in exchange ; and from Britain we receive 
manufactured goods, and send cotton, grain, and Imnber in return. 
It is impossible to point out a single country which is abundantly 
supplied with every commodity which its comforts or necessities re- 
quire. Providence, by giving to each particular nation something 
which the others want, has evidently intended that they should be 
mutually dependent upon one another, and cultivate an amicable 
and friendly intercourse. It is not difficult to see, therefore, that 
those must be the richest and most abundantly supplied with every 
sort of useful and desirable accommodation, who cultivate the arte 
of peace with the greatest success, and deal with all the world on 
faur and liberal principles. 

The commerce of one country with another is, to use the words 
of an able and profound writer, " merely an extension of that divis- 
ion of labor, by which so many benefits are conferred upon the 
human race." A country is rendered richer by its trade with 
another ; its labor becomes infinitely more divided and more pro- 
ductive than it otherwise could have been. By a mutual exchange 
of all the accommodations which one country has, and another wants, 
the accommodations of both are multiplied ; and they become more 
opulent and happy. 

By this species of mutual intercourse, the various regions of the 
world are enabled to sort and distribute their labor, as most peculiarly 
suits the genius of each particular spot. The labor of the human 
race thus becomes much more productive, and every species of ac- 
commodation is afforded in much greater abundance. The same 
number of laborers, whose labors might have been expended in pro- 
ducing a very insignificant quantity of home-made productions, may 
thus produce a quantity of articles for exportation, accommodated to 
the wants of other places, and produced by it with peculiar fciciUty. 
Thus the same amount of labor produces much more than if every 
country attempted to supply all its own wants. 

What has been just stated is sufficient to expose the fallacy of the 
opinion that las sometimes been maintained, that whatever one na- 
tion may gain by her foreign commerce, must bo lost by 8om<a cmft 
dse. 
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■ *IITHltOP(ILOOy. 

Commerce is not directly productive, nor ia the good deriTsd fi 
it to be estimated liy its immediate eifouls. WLat commercial E 
lions give, is unifonuly the fitir equivalent of what thej get, 
their dualings, thpy do not prey upon each other, but are bentifitj 
alike. The advantage of commerce consists in its enabling 1 
be divided, and giving each natiou the power of supplying tliol 
selvee with the various articles for which they have a demand, at tf 
lowest price required for their production, in those countrie 
places where they are raised with the greatest facility. Tlie b 
resulting from an intercourse of this kind, are plainly mutual i 
recipro<al. Commerce gives no advantage to any one nation o 
another; but it incre.'uieH the wealth and enjoyments of all, ~~ 
degree that covild not have previously been conceived possible. 

The influeoce of foreign commerce, in multiplymg and cheape 
oonveniences and enjoyment^ vast as it certunly is, does not e 
the direct influence it exerts on industry, by adding immeasuratJy 'I 



18 of desirable articles, by inspiring new t^tes, and etjmid 



the n 

ting industry and invention by bringing each nation into & 
with foreigners, and making them aoquainted with their arts f 
institutions. The apathy and languor that exist in a rude state ( 
society, have been univetBally remarked. But these uniformly e 
place to activity and enterprise, according as man is rendered mm 
with new oljects, and inspired with a desire to obtain tliem. 
individual might, witli conrnderable eiertion, Jumish himself witl 
abundant supply of the commodities essential to his Eubsistence ; a 
if be had no desire to obtain others, or if that desire, however st 
could not be gratified, it wo\ild bo folly to suppose that he r1 
be laborious, inventive, or enterprising. But, when once exdted, the 
iesires mid wants of mankind become altogether illhnilable ; and to 
extste them, no more is neci'^ury than to briu^ new products, and 
new modes of enjoyment, witliia his reach. Now the sure way to 
do this, is to (jive every fiidlity to the most eatenaive intercourse witti 
fereigners. The markets of a commerciul nation, being filled with 
the various commodities of every country and every climate, tlf" 
motives and gratifications which stimulate and reward the efforts ^ 
the industrious, are proportionally augmented. The husbandm 
and manu&cturer exert themselves to increase thdr supplies of t 
and manufactured produce, that they may exchange the sarplus 
tlie products imported from nbroatl. The merchant^ finding a re 
demand for such products, i^ prompted to import a great variety 
find out cheaper markets, raid tbu*, constantly to aSotii new ii 
tivea to the enterprise and industry of bis customers. The » 
powers of the mind and body are thus ctiled into action, i 
Jj^on. for foreign commodities becjniea. one of the most e 
^■Bhi of wealth and ci\-iVi7iit\OT 
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Not only, however, does foreign commerce excite industry, distrib- 
ute the gins of nature, and enable them to be turned to the best 
account, but it also distributes the gifts of science, and of art, and 
gives to each particular country the means of profiting by the inven- 
tions and discoveries of others, as much as by those of her own citi- 
zens. The ingenious machine, invented by Mr. Whitney, of the 
United States, for sepai*ating cotton wool from the pod, by reducing 
the cost of the raw material of one of the principal Enghsh manu- 
£Eu;tures, has been quite as advantageous to the Enghsh as to the 
Americans. Tli^e inventions and discoveries of Arkwright, Watt, 
and Wedgewood, by reducing the cost of articles sent abroad by 
Great Britain, have been as advantageous to foreign customers as to 
the English. Commerce has caused the blessings of dvihzation to 
be universally diffused, and the treasures of knowledge and science 
to be conveyed to the remotest comers. Its humanizing influence is, 
in this respect, most important ; while, by making each country de- 
pend for the means of suppljring a large portion of its wants, on the 
assistance of others, it has done more than anything else, to remove 
a host of the most balefiii prejudices, and to make mankind regard 
each other as friends and brothers, and not as enemies. The dread, 
once so prevalent, of the progress of other nations, in wealth and 
civilization, is now universally admitted, by all intelligent persons, 
to be as absurd as it is illiberal. While every nation ought- always 
to be prepared to resist and avenge any attack upon their independ- 
ence, or their honor, it is not to be doubted that their real prosperity 
will be best secured, by their endeavoring to live in peace. A com- 
mercial war, whether crowned with victory, or branded with defeat, 
can never prevent another nation from becoming more industrious 
than we are ; and, if they are more industrious, they will sell cheap- 
er, and, consequently, our customers will forsake us, and go to them. 
This vnW happen, though we covered the ocean with our fleets, and 
the land with our armies. The soldier may lay waste, and the pri- 
vateer make poor, but the eternal law of Providence will he. fulfilled. 
Tlie diligent alone can make rich. 

Another advantage of industry and of refinements in the mechanical 
arts, is, that they produce refinements in the liberal arts ; nor, can 
the one be carried to perfection, without being accompanied in some 
degree by the other. The same age which produces great philoso- 
phers and politicians, renowned generals and poets, usually abounds 
with skilful artificers. The spirit of the age affects all the arts ; and 
the minds of men, being once roused from their lethargy and put 
into activity, turn themselves on all sides, and carry improvementfl 
into every art and science. Profound ignorance is totally banished : 
and men enjoy the privilege of rational cTeat\\xej&,\o\JQi\35«. «a»NR^^8i 
to act, to cultivate the pleasures of the inmd, aa \?^ ^xa ^^seft. c^^*^^ 
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body. Hie moie tkese refined arts advame, the moce sodabfe men 
become ; nor is it possible, wben men arc enriched with acieiiee, and 
possessed of a fund of conversation, thev should be content to re- 
main in solitnde, or live with their fellow-citizens in that distant 
manner, which is common among ignorant and barbarous nations. 
Both sexes meet in an easy and sociable manner, and the tempen 
of men, as well as their behavior, r^ne apace. So that, besides the 
improvements thev receive from knowle^^ and the liberal arts^ it 
h irapoBsibie but they must feel an increase of humanity from the 
habit of conversing together, and contributing to each other's »iter- 
tainment Thus industry, knowledge, and humanity, are linked to- 
gether by an indissoluble chain. Most commercial treatises, and 
most books on political economy, contain lengthened statements as 
to the comparative advantages derived from the home and foreign 
trade. But these statements are mostly founded on erroneous prin- 
ciples. The quantity and value of the commodities which the in- 
habitants of an extensive country exchange with each other, is far 
greater than the quantity and value of those they exchange with 
foreigners. Commerce, it must be remembered, is not a direct, but 
an indirect source of wealth. The mere exchai^ of comnoodities 
adds nothing to the riches of society. The influence of commerce 
on wealth consists in its allowing employments to be separated, and 

Erosecuted without interruption ; iu other words, in the division of 
ibor, and the order, perfection, and abundance, or rather supera- 
bimdance, arising out of the separate exercise of each branch of 
industry, and calling for an exchange of surplus production for for- 
eign commodities. Commerce gives the means of pushing the divi- 
sion of labor to the full(^t extent, and suppUes mankind with an 
infinitely greater quantity of nocessaries, and accommodations of all 
sorts, than could have been produced, had indi\iduals and nations 
been forced to depend upon their own comparatively feeble efforts, 
for the supply of their wants. And hence, in estimating the com- 
parative advantageousness of home and foreign trades, the real 
questions to be decided aro, which of them contributes most to the 
division of labor ? and which of them gives the greatest stimulus to 
inventions and industry ? These questions do not admit of a very 
satisfactory answer. The truth is, that both home trade, and foreign 
trade, are most prolific sources of wealth. Without the former, no 
division of labor could be established ; and man would forever re- 
main in a barbarous state. Hence, perhaps, we may say that home 
trade is the most indispensable, but the length to which it could 
carry any particular country, in the career of civilization, would be 
limited indeed. Had Great Britain, for example, been cut off from 
aU intercourse with foreigners, there is no reason to think that she 
would at this day have been advaxic/^ \^^tA ^)sii^ ^^ to which 
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her inliabitants had attained during the heptarchy. It is to tho 
products and the arts derived from others ; and to the emulation 
inspired by their competition and example, that she is mainly in- 
debted for the extraordinary progress she has made, and the station 
she now occupies. 



§ V. — ^Taxation. 

Taxation denotes that part of their property which the govern- 
ment of a state exacts for the supply of the public necessities, from 
its subjects or other persons residing in the country, and partaking 
of its advantages. Hence they form a part of the public revenues. 
Another part is formed by the proceeds of public property, either 
rent or selling price. 

In most states, particularly in those of the middle ages, public 
expenditures were supplied from the revenues of domains. As the 
expenses of the state continually increased, or the rulers, from bad 
economy, found the above-mentioned sources of revenue insufficient, 
they began to demand contributions from the members of the com- 
munity, and imposed upon them taxes or impost^. They usually, 
however, met with great difficulties, since the nobles would not suffer 
themselves to be taxed, under pretext of forming a state within 
themselves, and maintained that such contributions could be raised 
only "with their consent. What could be obtained from them by 
contribution was very little. They acknowledged the necessity of 
increasing the revenue of the state, but the sovereigns were afraid 
to constrain them to contribute, and inclined to grant them exemp- 
tion from taxes, if they would only consent that the rest of the nation, 
which did not belong to their privileged order, should be subject to 
imposts. The nobles, fearing that if no other source of revenue 
were left open to the sovereign, the burden of taxes would fall upon 
themselves, willingly allowed the sovereign the right of taxing the 
nation, which, from want of union and power, was obliged to yield. 
Thus, the taxes, for a long time, were hiid almost everywhere on the 
commons only, the higher and most powerful orders, the clergy and 
nobility, being exempt. 

Enlightened governments, however, early perceived that in order 
to render taxes a permanent source of revenue, means must be left 
to the subjects of gaining every year so much as to be able to sub- 
sist, and to have a sufficient sum left to pay the taxes. Hence, they 
were induced to refrain from exhausting their property. But a long 
time elapsed before the principles of equitable taxation were well 
understood. It was not till a late period, when ^ove.n\\ri<5^Ni. VRiJssBMSi ; 
aiu object of fwofound reflection, and a mote ^Tl<^t\. ^-^'s.V^'wi c>\ ^^^^«s^ 
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cal economy arose, that a theory of taxation was formed which 
could be used as a solid basis of revenue. According to this theory, 
taxes are portions of the property of individuals, which each has to 
contribute to the public treasury, to defray the public expenses. 
From this definition, it follows, 1st. That no one should be exempted 
from taxes who possesses property or income, and is protected in his 
person and estate, and that, in consequence, absolute freedom from 
taxes in any individual so situated, is unjust towards those membera 
of the community who are charged with them. 2d. That the taxes 
ought to be assessed according to the net income of each indi\idual. 
3d- That the taxes must never be suffered to injure the sources of 
income. 4th. That the ratio of taxes to income, ought to be as 
small as possible, in order that the revenue of the nation, as well as 
of the individual, may be allowed to increase. The greatest diflS- 
culty in effecting a just distribution of taxes, is to find the clear in- 
come of every individual. In the modes of taxation anciently prac- 
tised, this difficulty was but little considered. Financiers were satisfied 
with laying taxes where they observed property, or income, without 
caring much whether they were taken from the gross or net income, 
from the capital or from the interest and profits. The rudest mode 
was to assess the taxes accordinor to the number of heads. On the 
supposition that every one received enough to pay something, they 
demanded from every head such a sum as it was supposed even the 
poorest could aftbrd ; the rich and the poor paid the same amount ; 
and, therefore, the greatest inequality prevailed. Real property was 
early taken as a standard in distributing the tri»ces, as cultivated 
land, in civilized countries, appeared to be the safest and most sub- 
stantial i^roporty. As this afforded to its proprietors or cultivators a 
certain income, the annual produce of the land was estimated, and 
taxed accx^rdinirlv. Thus arose the land tiix, in which, however, the 
gross and nr-t produce of the lands were seldom accurately di^.tin- 
guished ; and where it was done, little dependence was to be placed 
upon the estimate itself, and still less on the maintenance of this 
principle throVii:^h the changes of income. As tlie land tax was in- 
sufficient to furnish the necessary revenue, other means were sought 
for, and the closest attention was paid to all those quarters where 
money appeared. Wherever money changed hands, as in sales, ex- 
changes, or inheritances, taxes were laid. Whoever desired to obtain 
any favor from the public officers, Avas obliged to purchase it with 
money. When property was acquired, somethirig must bo relin- 
quished. Hence, the long series of taxes on acquisition and indus- 
try. As the income of the membei^s of the community did not 
jield so much as the state required, the attention of governments 
was directed to expenditures *, and T^Q^^\(i nn et^ xji^da to ^ay wherever 
eir expenses could be estimaUd. TYiXAs, \axft& cyo. <iR>x»svasi^%s^ q\ 
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6v«y descripti*n were established. When taxes began to be treated 
soiantifically, which was not till a long time after the different kinds 
bad been invented and introduced, attempts were made to bring the 
whole mass of the existing taxes under a general system. 

In order to judge whether taxes are rightly distributed, it must 
first be considered whether or not they can be paid regularly and 
continually from the net income. There may be a possession which 
brings no gain at all, as a library, a collection of pictures, etc. If 
an annual tax is laid upon such property, it would sooner or later 
consume the property, if it were to be paid from it, and consequently 
contradict the principles above laid down, that property should be 
taxed only so far as it affords a regular income. 

In like manner, acquisitions can rightly be taxed only when they 
are a permanent source of gain. If, therefore, any one acquires an 
estate or capital, by purchase, exchange, etc., and taxes are laid upon 
such an acquisition, the tax is taken from the capital, that is, from 
the means destined to produce profit. As far as this happens, or is 
in danger of happening, the system of taxation is defective. I^ in 
fine, a tax is laid on enjoyment, or the value of things enjoyed, this 
can be justified only so far as he who purchases, or enjoys such 
things, can afford the expense from an income which furnishes, or 
ought to furnish, more than enough for his subsistence, and the 
source of which is not necessarily diminished by the tax. K we 
seek, therefore, for the principle of the distribution of taxes which 
ought to serve, at the same time, as a rule for judging of the propri- 
ety of the distribution, this can be no other than the net income of 
the persons, or the net produce of the property, when duly cultivated 
or improved. If one leaves unproductive, property which could well 
be rendered productive, his indolence, pride, or negligence should 
not of course except him from taxation. 

Net income, or net profit, is that part of income, or profit, which 
remains after the portion necessary for the maintenance of the person, 
or the continuance of the property which produced the income or 
the profit, has been subtracted. Income and profit are produced 
either from land, from capital, or from labor. All taxes will be just 
and useftil, only so far as they are a part of the net produce from 
these sources, and are imposed and distributed upon this principle. 
But, as it is difficult, and, in some cases, impossible in practice, to 
ascertain the net revenue of every one, the politician must take diffo 
ent ways to find out the just proportion. The first way is direct, viz. : 
to determine from the statement of the parties concerned, or from 
official estimation, the net income of the persons, or the net produce 
of the land, and to assess the taxes according to the result. This 
kind of taxes is called direct But as they leave a lar^<a ^t^vqs^^ 
set mcome8 doubtful, their amount la ao\x^\» ^t \si^^f^* 



Buppoaeil, that he who receives more than Uie nmotint at wUch hi 
bas rat«d bis income, will consume and enjoy mart) tlian this amn 
will wstrant; and, in particular, that he will enjoy CPTUin ardeles, 
which tlie man of emullef intwmo consumes not at all, ur in amaUet 
measuTe. 1^ then, the expenae for articlea of cotuunptton is taied, 
an additionnl sum can be generally drn^-n from nil tltose who p^ 
already a. dinicl tax on income, not sufficient to cover tlie expou "' 
of the state. This sum they can pay from thur direct incomo, 
thedr atliura are well arranged. In this way something more u 
taineid from the not income of those who have concealed a pwt, 
.would otherwise have been taxed according to their own stAton 
These ttxes ate ttirmed indirect, as they are not calculated on Ae 
income, but in an indirect manneT. The art of reaching tfaa set 
income, by taxes on consumption, or other indirect taxes, is veiy in^ 
perfect. Its perfection, however, is uecesaary, if the system of tai»- J 
tion ia to be established on just principles. : ^| 

By direct ta;(es, then, are und»atood such as are laid immediat^P V 
an the real payers ; by indirect taxes, such as are assessed on otben " 
ia advance, who are left to remunerate themselves from the rest of 
the commuuity. But the same principle does not afford a logically 
correct division ; for the same tax can be roiaed, at one time direoQy, 
at another indirectly. Thus al! tuxes of consumption may be raiud 
as well from those who couaumc the articles, as from the tradestoMC-. 
who deal iu them. In like manner, many articles of luxury 
taxied directly. Nevertheless, the taxes remain indirect, because Uty. 
net income is taxed only according to the extravagance of individi " 

Taxes imposed on goods at the time of their importation, are 
ncaninated ea»lom», duties, or imposts. Adam Smith mentions 
objection U> tiiia mode of raising revenue — that the importjng mef> 
diant must enhance the price oE bis goods, not only by the amomit 
of duty advanced by him, but abo for interest, profit, and gnarantee 
of that amount, so that the consumer must, in fitct, pay more ikaa 
tiH tax. ThiH objection ia avoided by an excise tax, which is levied 
on the goods in the hands of the person who uses them, or at As 
time of their coming into his hands. An annual excise is sometimea 
levied upon articles of a dtirable nature, such as carriages, tratcbe^ 
&0., and the principle upon which this is apportioned, is to grsduste 
according to uie suppoa&i expenditure of the persons paying the tax, 
assuming that this will be nearly in proportion to their income. 
"With respect to imported articles, the excise ia either a substitute fiw 
customs, or an addition to tbem. Considered as a substitute, tha 
excise avoids the objection pointed out by Adam Smith ; but tbea it 
is an expensive tax to collect, and it necessarily gives rise to an irk* 
some inquiry into the private conceina and habits of people, so thsi 
aa &r as imported gooda ate ftia fcv&jiMA i^S \aiiiiiwi,'6i& w ' 
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the most convenient, and on the whole, the most productive tax ; and 
this mode of taxing is almost universallj adopted in preference, both 
in Europe and in the United States. 

It cannot be made a question among a free people, to whom the 
right of taxation belongs. In England, the principle has long been 
adcnowledged, that taxes are a voluntary donation fron: the people to 
the government. On the European continent, where, in the course 
of time, nearly all national representation has been lost, the physical 
power of the government is the sufficient argument, as in so many 
other instances, by which all discussion on the right of taxation is 
made useless. The theory of taxes has been but very lately illustra- 
ted and perfected. Adam Smith laid the first foundation of a com- 
plete theory, towards the end of the last century. It is well known 
that a dispute regarding the right of the mother ooinitry to levy 
taxes on her colonies, caused the American revolution, and led to the 
independence of the United States. The colonists took the ground 
that taxation, without representation, is oppression; and they Lave 
always acted on that principle. 

The privilege of exemption from taxes is granted to some orders 
of society, to individuals, or to particular kinds of property. The 
reasons for which this exemption is usually allowed are as follows : — 
1st. The identity of the person exempted with the state ; 2d. To 
reward services rendered to the state ; 3d. As a means of paying 
debts, due from the state ; 4th. The incompatibility of the public 
burdens with the office or character of the individual exempted; 
5th. Because the equivalent is received in some other way; dth. 
Poverty ; 7th. Ancient privileges. These exemptions originated in 
a period of limited views. 

It is only in France, Britain, and the United States, that aatj- 
thing Uke a just system of taxation is attempted : and even in these 
countries, it may be said to be attempted rather than effected. Ib 
all other countries, part sometimes arises from public domains ; ha^ 
most is raised by excessive imposts or duties, and not a little fife- 
quently by forced contributions. Thus in Turkey it was customary, 
until lately, for the pachas to fleece any person within their provinoes 
who had money, and for the sultan to have the pacha, who had 
accumulated wealth, strangled, and then seize his treasures. 



§ VI. — Banks and Banking. 

The term bank, in reference to commerce, implies a jplaoe of de» 
posit of money. Banks are establishments intended to serve for tlii 
Biile custody of money, for ^Bualitating its payment by on<^ voL^^^^N^isaiflL 
tp moiher, tmd &a the aooemmodaj^Qia ol ^% ^^^(jfiti^^w^V ~ 



Bonks, like most corameroia] inBtitntiona, originated in ltd 
wLera, in the infancy of European commerce, tbe Jews were wfl^ 
to aSBuinble in the market-places of the principal towns, sealed^ 

' bendics, ready to lend money ; and tbe tomi bank is derived be" 
the Italian word banco, or bench, from the benches on which S 
Jews sat, ta transact the business of money-tending. 
of three kinds, viZt of deposit, of diseavnt, and of dre^latUm, t 
vtsite. In many cases, all these functions are cxenased by the si 
establishment ; sometinles, only two of them, and in other c 

' though rarely, one. 

A bank of depoMt receives money to keep for the deposits w 
he draws it out This is the first and most obvious purpose ij 
these institutions. The goldaaiitha of London were formerly bankf 
of this dfflcription. They took the money, bullion, plate, ifeo^ of dep 
itoTB, merely for safe keepiiiir. Another branch of banking buainea 
the discounting of promuaory notes and bilis of exchange; or, lo* 
ing money upon mortgage, security, or pawn, Ac. A bank of fl. 
culation issues bills or notes of its own, intended to be the circulatil^.V 
currency, or medium of exchanges, instead of gold and silver. 
Banks are also divided into public and private; but what is a 
public bank is not veiy definitely settled. Where the supreme 
power of the nation, ot the municipal authorities of a place, as in 
Amsterdam, have the direct management of a bank, it is a publie 
(sie ; and so are those institutioaa whose credit is connected with 
that of the government, or which are used as instruments in col- 
lecting and distributing the public revenues. Those also are usually 
considered public banks, which are carried on under a charter 
from the supreme power; whereas a private bank is usually un- 
derattiod to be one that is carried on by one or more individoals, 
without any particular connection with the government, or any 
speaal authority or charter. Thus there is, in England, but one 
public bank, the bank of England — whereas, in the United States, 
most of the hanks are public, and in some of the states, private 
banks of circulatioa are forbidden by law. The bank of Engl " " ~ 
the principal bank of circulation in that country; but it is i 
bank of deposit ITie bank* of Franca holds a amilar position 4| 
that country. ' 

The establishment of banks has contributed, in no ordinary de- 
gree, to give security and facility to all sorts of commercial tr»isao- 
tjons. They afford safe and convenient places of deposit for the 
money that would otlierwi-ie have to he kept, at a considerable ris^a 
in private houses. They also prevent, in a great mensure, the n^g 
oeesity of carrying money from place to place, to malie paymenH^ 

^ and enable these to be made, wi iiia Tnoat convenient, and W^ 
axjMmfiiVo manner, A manA^aat, fot \Qa\aswfc, s« MraasKmaai-,-^ 
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employs a banker, keeps but very little money in his own hantis, 
making all his considerable payments by drafts, or cliecks, oa his 
banker; and he also sends the various checks, bills, or drafts, pay- 
able to himself, to his bankers, before they become due. By this 
means he saves the trouble and inconvenience of counting sums of 
money, and avoids the losses to which he would otherwise 1^ liable 
from receiving bad or uncurrent money, besides the trouble which 
frequently attends the presentation of bills. A merchant can also 
refer to his bankers as vouchers for his respectability, and in case of 
desiring information respecting the credit or pecuniary circum- 
stances of any individual, his bankers will best acquaint him with 
facts, as they make it their business to know the condition of those 
who have dealings with banks. 

Banks generally charge no commission on the payments made 
and received on account of those who deal with them: but they 
allow lio interest on the sums deposited with them, and it is either 
stipulated or distinctly understood, that a pereon employing a banker, 
should, besides furnishing him with sufficient funds to pay his drafts, 
keep an average balance in the banker's hands, varying, of course, 
with the amount of business done on his account ; that is, according 
to the number of his checks, or drafts to be paid, and the number 
of drafts and bills to be received for him. The bankers then calcu- 
late, as well as they can, the probable amount of cash it will be 
necessary for them to keep in their coffers, to meet the ordinary 
demands of customers ; and employ the balance in discounting mer- 
cantile bills, purchasing government securities, or in some other 
profitable adventure. So that their profits result, in case of their 
not issuing notes, from the difference between the various expenses 
attendant on the management of their establishment, and the profits 
derived from such parts of the sums lodged in their hands, as they 
can venture to employ in an advantageous way. 

Banks, as a general rule, do not allow any individual to overdraw 
his account. They answer drafts to the full extent of the frmds 
deposited in their hands ; but they will not pay a draft if it exceed 
that amount. Sometimes, however, a person gives them security to 
a certain amount, and he can draw for any amount not exceeding 
that sum, whether he has any money on deposit or not. The usual 
method of obtaining money from a bank when one has nothing de- 
posited, is to give his note to the bank, with an endorser as security, 
for the sum he draws, and the interest in addition. 

The facility which banks afford to the public in the negotiation of 
bills of^ exchange, or in the making of payments at distant places, is 
very great. Many banks have a direct intercourse with others at a 
distance. Hence, an individual residing in any part of the counter 
who wishes to make a payment at a ^sXaa^^csvxs^xaajj ^^s^"^ 

11* 



object hy applying to the bank neareaC to him. Thus, snppcBe Jfl 
of New Y*ri[, has n pajfment to make to B, of New Orieans i M 
send the tnooey by post would be hazardous ; and if there *re4| 
high fractioiiai parts of a dollar in the sum, it would be inconvenitd 
to make u^e of the post. How Trill A manage ! He ^1 pay tH 
stun to a banker in New York, and his creditor in New Orleam vw^ 
receive it from a banker there. The transaction is extremely aimrn| 
The New York banker merely gives A a check on the coiTespondn«| 
bank in New Orleans, requesting them to pay the amount to ti. 9 
fisrwarda the check to B, who accordingly didivera it to the bank, hm 
receives the amount The New York bunk may probably inforM 
their eorrespondeuta that they have drawTi on tliem tor saeh an 
amount, payable to such a person, etc. A small pcrcuntjtgo chargB8| 
by the New York banker, and the postal, conatitutes the whole eM 
pense. ITiere is no risk whatever, and the whole affiur is trai)8actM 
m the cheapest and most commodious manner. A lai^e proportjM 
of inland l»lls made in the regions 'adjacent, and also foreign iSU 
drawn upon a person residing in a certain section of country, ifH 
made payable in some neighboring city. London, Paris, AmstM 
dam, and Hamburg, are the great centres of bill transactions 9 
Europe ; and New York and New Orleans, in the United States. ^ 

In consequence of these and other fecihties afforded by the inveip 
tJon of bankers, for the settlement of pecuniary transactions, the 
money required to conduct the business of an extensive country, is 
reduced to a mere trifle, compared with what it otherwise woald be. 
It is not po^ihle to form an accurate estimate of the total saving 
thus etfeeted. But supposing that 100 or 150 millions of dollars of 
Bpet^ie and hank notjs are at present required in money transactions 
for the circulalJon of the United States, it may be feiriy concluded 
that fiOO millions would Jiave been necessaiy to transact an equal 
amount of business but for these devices. This statement strildi^ly 
exhibits the importance of hanking, in a public point of view. For 
by its means, 100 or 150 million? are rendered capable of pcrfbi " 
ing the same functions, and in a much more commodious ma 
that would otherwise have required four times that sum : and 
posing that 40 or 50 millions are employed by the banks as a capi) 
in their establishment^, no less than 60 or 100 millions will be " 
tirely disengaged, oc cease to be employed as an instrument of 
cnlation, and made valuable for employment in agricultui 
tures, and commerce. 

Not only does the formation of banking; establishments enable the' 

business of a country to be conducted with a fer less amount of 

moneyj but it also enables a lai^ portion of that less amount to bo 

&lmcated of the least va\iia\i\e. taa,Wia\a, tsi << ■^wjec instead of 

gdd. Tie mode in which tt>»3 &vtoafe\.M.'C\wi ot\^'w&3 '«5^ ' " 



>M 



BANKS AND BANKING. 

naturally grew out of the progress of society. When govemmenti 
became sufficiently powerful and intelligent to enforce the observanoa 
of contracts, individuals possessed of written promises from otherii 
that they would pay certain sums at specified periods, began to 
assign them to those to whom they were indebted ; and when those 
by whom such obligations are sulKcribed are persons of whose sol- 
vency no doubt can be entertained, they are readily accepted in pay* 
ment of the debts due by one individual to another. But when the 
drculation of obligations or bills in this way has continued for a 
while, individuals begin to perceive that they may derive a profit by 
issuing tliem in such a form as to fit them for being readily used as 
a substitute for money, in the ordinary transactions of life. Henos 
the origin of bank notes. 

• An individual in whose wealth and discretion the public have 
confidence, being applied to for a loan of 5,000 dollars, grants iht 
applicant his bill or note, payable on demand, for that suul Now 
as this note passes, (in consequence of the confidence placed in the 
issuer), currently fi'om hand to hand, as cash, it is quite as useful to 
the borrower, as if he had obtained an equivalent amount of gold. 
And, supposing that the amount of interest is 6 per cent., it will 
yield, so long as it continues to circulate, a revenue of $300 per 
annum to the issuer. A banker who issues notes, coins as it were 
his credit. He derives the same revenue from the loan of hk 
\^ritten promise, to pay a certain sum that lie would derive from the 
loan of the sum itself; and, while he thus increases his own income, 
he also increases the wealth of society. Besides being incomparably 
cheaper, bank notes are incomparably more commodious than a 
metal currency. A bank note for $100, or $1000, may be earned 
about with as much facility, as a single quarter dollar. It is (^ im- 
portance also to observe that its loss is only the destruction at so 
much paper. No doubt it might be a serious calamity to the 
holder; but to whatever extent it injured him, it would propor- 
tionally benefit the issuer, whereas the loss of coin is an injury 
to the holder, without being of service to any one else ; it is, in 
fact, so much abstracted from the wealth of the community. 

Promissory notes, issued by private individuals or associations, 
circulate only because those who accept them have full confidenoe 
in the credit and solvency of the issuers, or because they feel assured 
they will be paid when they become due. If any cireumstanees 
transpired to excite suspicions as to their credit, it would be irapos* 
sible for them to circulate any additional notes, and those that they 
had issued would be immediately returned for payment. Suxh. m 
not the case with paper money, or with notes that are declared legal 
t{9Qd^. It is not necessary, in order to su&tusi ^^ ^re&3^& ^ ^m~ 
;MA«^ 41l^t jti^ /ahc^a be peyaUft at d^ 1^^ csfiii ^Oks&^^w^ 
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is that they should he issued in limited quantities. Every countiy 
has a certain number of exchanges to make ; and whether these are 
effected by the employment of a given number of coins, of a par- 
ticular denomination, or by the employment of the same number of 
notes of the same kind, is of no importance. Notes which have 
been made legal tender may be regarded as a sort of tickets, or 
counters, to be used in computing the value of property, and in 
transferring it from one individual to another •, and they circulate, 
because having been selected to perform the ftmctions of money, 
they are as such readily received by individuals in payment of their 
debts. As they are in no wise affected by fluctuations of credit, 
their value must depend entirely upon the quantity of them in cir- 
culation, as compared with the payments to be made through their 
instrumentality, or the business they have to perform. By reducing 
the value of notes below the supply of coins that would circulate in 
their place, were they withdrawn, their value is raised 'above the 
value of gold ; while, by increasing them to a greater extent, their 
value is lowered propoi'tionally. In order to prevent the over-issue 
of paper, it is necessary to enact a law that all notes should be pay- 
able on demand, and to prohibit any one from issuing notes, untU he 
has given full proof that he is able to pay them. It is now ad- 
mitted by all to be indispensable, in order to prevent injurious fluc- 
tuations in the value of money, that all not^ be made payable at 
the pleasure of the holder, in an unvaiying quantity of gold and 
silver. This rendei-s it impossible that the issuers of paper should 
depreciate its value below that of the precious metals. Tliey may, 
indeed, by over-issuing paper, depress the value of the whole cur- 
rency, gold, as well as paper, in the country where the over-issue is 
made, but the moment they do this, gold begins to be sent abroad ; 
and paper, being returned upon the issuers for payment, they are 
obliged, in order to avoid exhausting their coffers, to lessen their 
issues, and thus, by raising the value of the currency, stop the 
drain for specie. 

The circumstances that excite public confidence in the issuers of 
paper are extremely deceitful : and innumerable instances have 
occurred of the population of extensive districts having suffered 
severely from the insolvency of bankers in whom they placed the 
utmost confidence. In 1793, in 1814, in 1815, and in 1825, a very 
large proportion of the banks in England were destroyed, and pro- 
duced by their fall an extent of ruin hardly equalled in any other 
country. Similar results happened in the United States in 1825 
and in 1837. It is no exaggeration to affirm that countries sustain 
ten times more injury from the circulation of worthless paper, or 
paper issued by persons who hiavft lio meaQa of redeeming it than 
mm the issue of counterfeit com acA iot^sft^ ^q\«a. \A^wR»Rk^ 
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women, minors, and other persons incapable of judging of banking 
establishments, are, nevertheless, dealers in money, and liable to be 
imposed upon. It is therefore the duty of legislatures to protect 
the interests of those who cannot protect themselves, by compelling 
all persons who issue notes to give sufficient security for redeeming 
them, before the notes are issued. A security of tins sort has been 
exacted by the British parhament, in the case of the bank of Eng- 
land, and the twelve millions of pounds due to the bank by govern- 
ment, from the nation, must be sacrificed before the holders of ite 
notes can sustain the smallest loss. The stability of the bank of 
England may, therefore, be said to be equal to that of the British 
government. The system of taking securities has been found to 
answer so well, wherever it has been adopted, that the practice is 
• rapidly extending, so that we may in future expect to escape the 
calamities of former years. Proper securities will render the ulti- 
mate failure of banks of issue impossible ; and a degree of soUdity 
will thus be imparted to money operations, which can never be 
realized where banks are allowed to issue notes to any extent they 
please, without caring whether they have any sufficient means to 
redeem them or not. 



§ Vn. — Specie Cubrency. ^ 

Coins, or specie currency, are pieces of metal — ^most commonly 
gold, silver, or copper — ^impressed with a public stamp, and generally 
made legal tender, in payment of debts, either to a hmited or an 
unhmited extent. 

When the precious metals first began to be used as money, or as 
standards by which to measure the value of various articles, and the 
equivalents for which they are most commonly exchanged, they were 
in the shape of bars, or ingots, of no particular weight. The parties, 
having agreed upon the quantity of metal to be given for a commodity, 
ascertained the exact amount by weighing the bars. But it is obvious 
that a plan of this sort must have been attended with a great deal 
of trouble and inconvenience. The greatest obstacle, however, to the 
use of unfashioned metals as money, was found in the difficulty of 
determining their quality, or the degree of their purity, with suffi- 
cient precision. The operation of assapng is one of great nicety 
and difficulty, and could not be performed in the early ages, other- 
wise than in a clumsy, tedious, and inaccurate manner. It is, indeed, 
most probable that when the precious metals were first used as 
money, their quality would be appreciated only by their weight and 
color. A very short experience, however, would b4 «QL^<aKo&»\R> ^Sass* 
thai sueb uDsatis&cborj tests were exoefed^xi^^ Vskataooss^fc '^s^ "^"^ 
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oondusioiiH. It was sood discovered, that ia order to E»oert^ tfao 
purity ot' gold, and to avoid the trouble and exj)ena« of weighing it, 
nothing more was neceasaiy than to mark each pteoe with a stamp 
declaring its weight and fineness. This invention was nmde at a 
very early fieriod. According to Herodotus, the Lydians were the 
fint thftt coined money. 

Before the art of Metallurgy was well understood, the baser met^ 
were often used as money. Iron was the primitive money of tin 
Lacedemonians, and copper of the Romans. But both iron and oop- 
per deteriorate by being kept ; and, besides this defect, the rapid 
improvement of the arts, by lowering their price, rendered their bulk 
too great iu proportion to their value, to permit of their continuing 
to be used as money. Copper, indeed, still is used, but only in very 
small payments. In England, copper coins are rat^d 72 per cent 
above their real value ; but, as their issue is exclusively in the handt 
of government, and as they are legal tender only to the estent of 
one shilling in any one payment, this over- valuation is not prodoodve 
of any bad effect. The use of copper, in other countries, is limitai 
in much the same way; gold and silver being everywhere the 
metala used in the manufacture of the coins employed ' 
payments. 

g Vin. — Standard of Coins. 

By the standard of coins, is meant the degree of its purity and ila 
weight ; that is, the fineness of the metal of which it is made, and 
the quantity of metal contained in it 

The purity of gold is not estimated by the weights commonly is 
use, but by an Abyssinian weight, called a carat. The carate are 
subdivided into four parts, czilled ffrains : and these again, into qnar- 
teiB ; BO that a carat grain, with respect to the common divisions of 
a pound Troy, is equivalent to 2-^ dwts. Gold of the highest de- 
gree ol fineness, or purity, is said to be 24 carats fine. The gold ia. 
always supposed to be divided into 24 equal parts; and the nun' "' 
of these which are gold, is indicated by the carats. Thus, " gold 
oazatfi fine," me^is gold which contains 18 grains of pure gold, 
ev ery 6 of alloy, or gold of which one fourth is alloy. 

When gold coins were first made at the mint, iu England, the 
standard of the gold put in them whs 23 carats 3-^ grains fine, and i 
grain alley, and so it continued without any variation to Henry VIIX, 
who, in the eighteenth year of his reign, introduced a new standard 
of gold, of 22 carats fine, and 2 carats alloy. The first of these 
■tandards is called the old, and the second the new standard, oi 
erown gold ; because crowns, ot ^waaa o? tW value of five shillit 
•aw jSiBi coined of thia new BVaadaiA. "S.ein^''rai„w»fiss\ia, 
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coins of both these standards, under different denominations ; and 
this practice was continued till 1633. From that period till the 
present moment, the gold of which the British coins have been made, 
has been invariably of the new standard, or crown gold ; though 
some of the coins made of the old standard, continued to circulate 
till 1732, when they were forbidden to be any longer current. The 
purity of the present gold and silver coins of England, is eleven parts 
of pure metal, and one part alloy, or one twelfth of the whole weight 
of alloy. The French and United States coinage contains one tenth 
of alloy. In technical phraseology, the latter coins are 21.6 carats 
fine, and the English coins are 22 carats fine. The United States 
eagle, at present, weighs 258 grains, and the dollar 412.6 grains, and 
the halves and quarters in proportion. Our old coinage was heavier, 
and contained rather less alloy. 

The alloy in coins is reckoned of no value. It is allowed, partly 
in order to save the trouble and expense that would be incurred in 
refining the metals so as to bring them to the highest degree of pu- 
rity ; and partly because, when its, quantity is small, it has a ten- 
dency to render the coins harder, and less Uable to be worn or 
rubbed. J£ the quantity of alloy were great, it would lessen the 
splendor and ductiUty of the metals, and would add too much to the 
weight of the coins. 



§ IX. — Colonies and Colonial Policy. 

The term Colony^ is defined by Dr. Johnson, " a body of people 
drawn fi^om the mother country, to inhabit some distant place." But 
something more is necessary to complete the definition than the idea 
of inhabiting a distant place ; for the mere inhabiting of another 
country would not constitute them a colony. It seems necessary 
that they should not live under the authority of any foreign govern- 
ment, but either remain under the government of the mother country, 
or exist under a government of their own. Of colonies remaining 
imder the government of the mother country, the West India Islands, 
subject to the different European states, afford an example. Of those 
existing under a government of their own, the most celebrated exam- 
ple is found in the colonies of the ancient states of Greece. The 
United States of America constituted an example of colonies of 
the first sort, before the revolution, which separated them from the 
mother country ; and now they may be regarded as constituting an 
example of colonies of the Gi-ecian sort, as they exist under a gov- 
ernment of their own. 

Again, the term colony is sometimes employed in a e.o^as^vcL'^Vfiift^ 
Hbe idea of a body of people, dTawn feom «kXQ.o\3os2t <y3^sstoi^'^Qas*^ 
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seems to be included. Thus, we talk of the British Colonies in the 
east, meaning the East Indies. Yet, it can hardly be said, that any 
body of people is drawn ifrom the mother country to inhabit the East 
Indies. The only European people there, are a small number of 
persons who are sent to hold possession of a foreign and conquered 
country ; and, in this sense, all the conquered provinces of the an- 
cient Roman Empire, might be called what they never have been 
called — Colonies of Rome. In the meaning of the term " colony," 
the predominant idea among the ancient Greeks and Romans, appears 
to have been that of the people — the emigration of a body of peo- 
ple to a new and permanent abode. The predominant idea among 
the moderns, respecting the term " colony," appears to be the pos- 
session of a territory, Ijring out of the -country ; and almost any out- 
lying territory, continuing in possession, would receive the name of 
a colony. 

K we use the term with so much latitude as to embrace the pre- 
dominating idea both of ancients and moderns, we shall say that a 
colony means an outlying part of the population of the mother 
country, or an outlying territory belonging to it, either both in con- 
junction, or one of the two by itself. 

Some of the British colonies are of the sort in which the predom- 
inating idea is that of the people who constitute it, or an idea of 
population, resembling the Roman and Grecian colonies. There is 
nothing in modern times which so much resembles the colonization 
of Asia Minor by the Greeks, as the colonization of New England 
by the English. Of the first English settlers a large proportion went 
out to escape the oppression of a predominating religion, as the 
Greeks did to escape the oppression of a predominating political 
party. One difference was, that the English did not go off at once, 
in considerable bodies, under distinguished leaders, or with a large 
capital to provide for future prosperity. Accordingly, the prosperity 
of the New England colonies was much less rapid, and much less 
brilUant than that of the Grecian colonies of which we speak. 
Another great difference was, that the Grecian colonies were inde- 
pendent ; but the English colonies, though they made a sort of sub- 
ordinate government for themselves, were still held subject to the 
government of the mother country. 

A population is said to be redundant, not when it is numerically 
either great or small, but when it is too great for the quantity of 
the necessaries of life, so that the population exceeds its resources 
for maintenance. 

Any one country produces, or procures a certain quantity of those 
necessaries in the year. If it has a population greater than such a 
quantity is sufficient to support, all that number which is over and 
bove what it is capable of maiiitaffiMi^, Sa at x^^MSi^ajCkKrj q*1 y^^"^^ 
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tion. When we say that where the supply of necessaries has become 
too small for the population, the great body of the people take less 
wages for their labor, we mean that they take less than is requisite 
for their comfortable subsistence, because they would only have what 
was requisite for that purpose when the supply of necessaries was not 
too small fo« the whole. 

The effect of a disproportion between the necessaries of life and 
the population, is not to supply to the full measure, that portion 
which they are sufficient to supply, and to leave the redundant portion 
destitute : it is to take a portion of his due quantity from every indi- 
vidual of that great class who have nothing to give for them buk 
manual labor. 

What this state of things imports, is most easily seen. The great 
class just mentioned, are the great body of the people. When every 
individual of that body has less than his due quantity of necessaries, 
less than his share, if the quantity were not too small for the popula- 
tion — ^the people at large must be in a state of painful and degrading 
poverty. They are wretchedly fed, wretchedly clothed, and Hve in 
wretched houses ; and they have neither time nor means to keep their 
houses or their persons free from repulsive and pestiferous impurities. 
Those of them who, either from bodily infirmities have less dian the 
ordinary quantity of labor to bestow, or from the state of their femi- 
lies need a greater than the ordinary quantity of necessaries, are con- 
demned to starve — either wholly, if they have not enough to sustain 
life at all, or partially, if they have only enough to yield them a 
lingering, diseased, and shortened existence. 

What the ignorant and unthinking spectator sees in this, is not a 
redundant, but only a poor population. He sees nobody vrithout 
necessaries who has enough to give for tham ; to his eye, therefore, 
it is not the necessaries of Hfe which are wanting, but that which is 
to be given for them. 

In countries newly inhabited, or in which there is a smaU number 
of people, there is generally a quantity of land yielding a large pro- 
duce for a given portion of labor. So long as the land continues 
to yield in this Hberal manner, however fast population increases, 
food and other necessaries may increase with equal rapidity, and 
plenty remain. When population has increased to a certain extent, 
all the best land is occupied ; if it increases any farther, lani of 
a worse quality must be taken in hand. When land of the next 
best quality is all exhausted, land of a still inferior quality must be 
employed, till at last you come to that which is exceedingly barren. 
In this progress, it is. very evident that it is always gradually becom- 
ing more and more difficult to make the necessaries of hfe increase 
with any given degree of rapidity, and that yo\i iq»s^ <s«aifc 
to a point where it is altogether impos&M*^. 
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There can be no doubt, that by employing a greater proportion 
of people in cultivating the land every ensuing year, a greater quan- 
tity of necessaries would be produced : in this way it would be pos- 
sible to go on increasing the food in quantity, as fast as the popula- 
tion increased. The result, however, would be this : that as the 
land yields gradually less and less to every new portion of labor, it 
would be necessary to employ, not only a greater number of people 
as laborers, but a greater and greater proportion of the body of the 
people in raising necessaries ; and the lai^er this proportion, the 
smaller the number of people employed in producing comforts or 
conveniences. We could, therefore, increase the quantity of neces- 
saries to meet the demands of the population, only by diminishing 
the supply of those other things which minister to human desires. 
Suppose the average number of children in a family to be five, and 
that the father's labor was all required to produce tiie bare necessa- 
ries of life, there would be nothing for comfort, elegance, or^eaae. 
There would be no class exempt from the necessity of perpetual 
labor, by whom knowledge might be cultivated, and discoveries 
made. There would be no legislators, nor physicians. The human 
race would become a mere multitude of animals. 

When the population of a country is full, and it cannot increase 
without producing the evils of redimdancy, a portion of the people, 
sent off to another country, may create a void ; and till this is filled 
up, population may advance as rapidly as before, and so on, for any 
number of times. So long as the earth is not peopled to that state 
of fulness, which is most conducive to human hajipiness, this re- 
source is the best scheme for diminishing the rate of population. It 
is highly desirable, on many accounts, that every portion of the 
earth, which is adapted to the well-being of humanity, should be 
inhabited as fully as the conditions of human happiness admit. It is 
only in certain circumstances, however, that a body of people can 
be advantageously removed from one country, for tlie purpose of 
colonizing another. In the first place, it is necessary that the land 
they are about to occupy, should l)e capable of yielding a greater 
ifeum for their labor than the land they leave ; otherwise, though 
relief is afforded to the land they leave behind, their own circum- 
stances would be no better than they would have been had they 
remained. Another condition is, that the expense of removal from 
the mother country to the colony should not be too great. If the 
case be so, the population which remains behind may suffer more 
by the loss of capital than it gains by the diminution of its num- 
bers. A certain portion of capital is necessary to give sufficient 
employment : but if, to afford the expense of removal, so much is 
iiaken from thai capital that the remainder is not sufficient for the 

i 
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xenuuning populatioii, there is still in that case a redundancv of 
population, and all the evils which it brings. 

The idea of a colony for the sake of getting rid of delinquents, 
if not peculiar to English pohcy, is a more remarkable part of the 
pohcy of England than of any other country. In dealing with a 
delinquent population, the object aimed at, the security of the non- 
delinquent or virtuous part of the community, embraces two par- 
ticulars — security from the crimes of this or that individual dehn- 
quent, and security from the crimes of many others, who may be 
tempted to follow his example. And the question arises, whether 
trafisporting a delinquent to a foreign land, and subjecting him to 
certain privations, laws, and penalties, under the arm of govern- 
ment, can be effectual in securing those two great objects. We shall 
see that it never can secure either. The mere banishment of the 
dehnquent to another country cannot secure his reformation ; and 
his offences will still affect all who come in contact, either with him, 
or those whom his example corrupts. Moreover, a very great pro- 
portion of those who are banished, will find the means of retum- 
mg ; and those who do so, will be found to have become only more 
dexterous in crime, by their travels. Their associates' banishment can 
have no influence whatever in restraining those who are left behind, 
because they never see them ; and when they think of them, they 
will be apt to consider them gainers, rather than losers, by the 
change of place. The plan of penal colonies therefore has been, and 
ever will be, ineligible : such colonies have been of no benefit what- 
ever to England ; and the United States wisely avoided any such 
scheme. They take means to reform and punish deUnquents, where 
they have committed crimes, instead of sending them to parts where 
reformation and the benefit of witnessing &eir punishment are 
equally hopeless. As penal settlements, therefore, colonies are 
worse than useless. 

If it be inquired, what reasons can any country have for desiring 
to possess the government of such territories ? we answer, there are 
tviro ways in which advantage might possibly accrue to the mother 
country : 1st. The colonies might yield a tribute ; or, 2d, They 
might yield an advantageous trade. 

With respect to tribute, the plan of forcing their free descendants 
to pay what is generally exacted only from conquered countries, is 
too absurd to be entertsaned. It could not be enforced in ancient 
times. Much less will it ever be submitted to in the present day. 

Those taxes which were vainly and unjustly attempted to be 
imposed upon the former English colonies of North America, were 
never dreamed of as a tribute, and never spoken of, except in a 
sense contrary to that of a tribute, namely, that of relnibv«gk% Aa 
tbe mother country a part, and no mot^ ^^Solssx ^ '^viNt^^^^'^s^a^ 
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pense which they cost her in governing and defending them. With 
regard to tlie East Indian colonies of Britain, so far are they from 
yielding tribute, that in loans, aids, and/ the expense of fleets and 
armies, they have cost enormous sums of money ; and their govern- 
ment has always been in debt. But the trade of those dependencies 
is supposed to be the great advantage which has been ascribed to 
what is called " The British Empire in the East" The advantage 
derived from this trade consists in monopoly. K the trade of those 
colonies were free, other nations would derive as much advantage 
from it as the mother country, and the mother country would 
derive as much advantage from it, if the colony were independent. 

We will now inquire, what is the value of lliat advant^e gained 
by monopoly from the trade of a colony. It is very evident, that 
whatever the mother country gains, the colony loses. If the colony 
were part of the dominions of a foj'eign state, there are circum- 
stances in which that result would be desirable. But suppose the 
colony is a part of the same state, or of the same country, how is 
the result to be viewed ? Is it not precisely the same sort of policy, 
as if New Hampshire were to be drained and oppressed for the sake 
of New York ? Does the wealth of a state consist in the wealth of 
one part, effected by the misery of another? What should we 
think of such a rule for guiding the policy of a state ? This would 
be a contrivance for diminishing her wealth and happiness. For 
when from one of two parties, equally provided with all the means of 
enjoyment, you take a portion to give to the other, the fact is, that 
you add nothing to the happiness of the one, and you diminish that 
of the other. This is, in truth, the foundation upon which the laws 
for the protection of property rest. As the happiness of one man 
is as dear to the country as the happiness of another, if the man 
who takes from another a part of his property, added to his own as 
much as he took from the happiness of the other, there would be 
no loss on the whole ; and the state would have no ground, in utility, 
on which to interfere. 

But this is not all. Not only is the quantity of happiness dimin- 
ished upon the whole, but by that operation which gives the mother 
country an advantage by the trade of the colony, the quantity of 
produce of the community is diminished upon the whole. The sub- 
jects of the state, taken as a whole, not only enjoy less than they 
otherwise would enjoy, but they produce less than they otherwise 
would produce. The state is not a richer state, but on the contrary, 
it is a poorer state by such a policy. For a portion of her capital 
is employed in a channel in which it is less productive than it would 
have been in the channel into which it would have gone of its own 
accord. It is a point established in the science of pohtical economy, 
i tbst it J8 not good policy to coB&aa coiia\icECL^>aoTi \» «k^ ^«siX» ^W^sosa 
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manufaqture when it can be purchased more cheaply abroad. The 
reason is this : that in doing so, that country loses, or wastes the labor 
of men who could be employed in producing some article more rare 
or more valuable. This could be exported and exchanged for the 
article in demand, manufactured by a foreign country, which might 
possess many natural advantages that enabled it to produce the 
article at less expense than it could be produced at home, and could, 
therefore, afford to give much more of it than the domestic manufeo- 
turer. The policy, therefore, of holding a colony for the benefit of 
its trade, is one which tends directly to impoverish a nation. 

A colony may be formed and retauned for the sake of the gold and 
silver it may produce. Of this kind, we have a specimen in the 
former Spanish colonies of Mexico and Peru. If it be asked, whether 
any advantage can be derived from a colony of this description, the 
answer is this : in one case alone can it be advantageous to the 
mother country — that is, the case in which the colony contains 
richest mines in the world. These always supply the whole 

)rld, when they contain the precious metals ; because, from those 
m5he^,gie metals can be afforded cheaper than the expense of work- 
ing them will allow them to be afforded from other mines, and the 
principle of competition always excludes the produce of all other 
mines from the market. 

Now the country which contains the richest mines, may so order 
matters as to gain from foreign countries, on all the precious metals 
which she sells them, nearly the whole of that difference which exists 
between what the metal in working costs to her, and what it costs 
at the mines which, next to hers, are the most fertile in the world. 
It is now sufficiently understood, that money, in any country, suppos- 
ing other tilings to remain the same, is valuable just in proportion 
to its quantity. Take Mr. Hume's supposition, that England were 
walled round by a wall of brass, and that the quantity of her money 
were, in one night, either raised to double, or reduced to half. Li 
the first case, every piece would be reduced to half its former value ; 
in the second place, it would be raised to double its former value, 
and the value of the whole would remain exactly the same. The 
country would, therefore, be neither the richer nor the poorer ; she 
would neither produce more, nor enjoy more on that account. It is 
never, then, by keeping the precious metals, that a country can de- 
rive any advantage from them ; it is by the very opposite, by part- 
ing with them. If a country has been foolish enough to hoard up 
a quantity of the produce of its capital and labor in the shape of 
gold and silver, it may, when it pleases, make a better use of it. It 
may exchange it with other countries for sojnething useful. Gold 
^and silver, so long as they are hoarded m^, »xQk cA tlcv \ss^ ^^^^J«^^ 
Tbejr contribute neither enjoyment not 'pcoivxR^oTi. '^csoifc^ssssisi^ 



i lut may be purcbnsed with ihem, or soinctfaiiig that is an article «■ 
I enjoyioent, aiid tht^a tiiey contribute to liuppincss ; or they may 1^^ 
[ expendpd for some raateriaU of manufiieture, or for the ueceafnin| 
i of the laborer and th™ thi'y contribute to production, and augm^H 

the riches, ai^tiro capital, and the annual produce of the connl^H 
I But 8o long na any cotintry hoard's up gold and silver, bo long aa^H 
I abstuDs IVom parting with them to other couatriea, so long it fl| 
I I^ves itself of the advanb^^ea derivable from a judiraous inrestrndH 

o€ camtaL ~M 

Culonies are a gnmd source of waw. There is nothing to wUqU 
i history hetm so invariable a testimony as this. Nothing k more M- 

markable in the annala of mankind than tbe frivolous causes which 
I have often Buflioed for going to war, even when there was little o* 
' no prot^iect of gaining, and ofWn when there was the greatest proape 
I of losing by it. Bnt if the motives ftir engaging in war are so ' 
j strong, in govemmonta which are perfectly despotic, thoy are i 
r ^nmger in govemmentH of which ^e power b still in any great i 
\ area limited and restrained. For there is nothing so well calculata 
I Sir getting rid of all limit and restraint, and strengthening the pow 
I of a government, and riveting its chains upon the nwks of its si 

jeda, as wars. The power ctf almost all governments is greater d 

ing war than during peace. But it is particularly bo in the case o 
j hinited governments. In the first plac«, there is the physical force 
! of the army, and the terror and awe it impresses upon the minds 
I of men. In the next place, there is the splendor and parade which 
I c^tivate and subdue the imaginations of the unthinking, and make 
' th»n contented (a be slaves. Then there is the ad<htionaI power 

entrusted to government j and moreover, when the government is 
' linuted by the will of a certain portion of the people, as the British 
' government is by tiie will of those who supply with members tha 

two houses of Pai'liament, war affords the greatest portion of the 
, precious matter with which that will may be guided and secured. 
I Nothing augments so much the quantity of that portioi ' " 

uatsMial wealth, which is placed at tite command of the gove. 
I as war. Of course, nothing pits it iu the power of the gover 

to create so great a number of dependants, and such a Dumber d^ 

persons bound by their hopes and fears, to do and say whalevv 
' government desires. ^ 

I With regard to additic^al expense, whenever a war break 

I additional tjoops and additional vessels are always required ft 
f| protection of the colonies. Even during peace, tha colonies 
L tie pretext for a large portion of tiie peace establishment, a 
I called; that is, a mass of warlike apparatus and expense, wM 
I would be burdeuBome, even in a aftason cS -wot, 
L That the colonies multiply esctaSin^-j ftia cw 
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war, is matter of history. Whatever brings a nation into jealous 
contact with a greater number of states, increases in the same pro- 
portion, those clashings of interest and pride out of which the pre- 
texts for war are frequently created. And a great proportion of the 
wars that have arisen in modem Europe have, upon actual examimi- 
tion and historical testimony, been proved to have arisen out of cora^ 
nial disputes. 

We can now easily form an estimate of the respective disadvan- 
tages accruing to a country and its colonies from the dependence of 
the latter. The mother country incessantly incurs great expense, 
and is constantly hable to be plunged into the innumerable evils of 
war, on account of her colonies. At the same time, the commerce 
of the colonies and their internal policy, are so much interfered with, 
and all their energies are so much paralyzed by the selfish and 
foolish restrictions imposed by the mother country, that they can 
enjoy nothing like the prosperity which would be secured to them 
by independence. So far as an extensive commerce is concerned, 
there can be no comparison between the consumption of a flourish- 
ing, independent community, and that of a languishing colony. 
Thus the 100 millions of British subjects in India, import from her 
annually only about four millions of pounds' worth of her goods, 
while the 20 miUions of the United States import from Britain to 
the amount of more than double that sum ; and this, although the 
India trade is exclusively in the hands of the British, while the 
United States are free to purchase everything wherever they please. 
Rapidly as the population of the United States has increased since 
they became independent, the amount of British goods they con- 
sume has increased much faster. 

It is not difficult to see why countries chng so eagerly to depend- 
ent colonies. They are a means of bringing money and power into 
the hands of the government, and of a few cliques who co-operate 
with it. These are generally the most influential classes in the 
commimity ; and although they could easily see that the connection 
is a national loss, they will be slow to see what they do not wish to 
believe ; and the national loss is their pecuniary profit 
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